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ABSTRACT 
 
The Kuils River Catchment is an urban river catchment that forms part of the larger 
Kuils-Eerste River system draining the eastern half of the Cape Metropolitan 
Authority area and Stellenbosch Municipality. Rapid urbanisation has resulted in the 
encroachment of residential and industrial areas into the river system through 
channelization and sewage disposal. This research project intends to assess the quality 
of surface runoff in the Kuils River catchment and determining non-point source 
pollutant loading rates in the catchment using GIS-based modelling. The study results 
show how modelled potential sources of surface runoff and NPS pollutants using 
desktop GIS analysis tools in a sequential process that involved different levels of 
software applications could explain the characteristics of the catchment. With the help 
of the Expected Mean Concentration (EMC) values associated with surface runoff 
from land use/covers, NPS pollutant loads were assessed downstream towards the 
Kuils River Catchment outlet using the Nonpoint Source Pollution and Erosion 
Comparison Tool (N-SPECT) based in ArcGIS. The outputs from this model consist 
of predicted annual pollutant loading (mg/m2/year) for each Kuils-Eerste River that 
occurs in the catchment. The results have shown clearly the spatial distribution of 
sources of particular pollutants in the catchment. Further or advanced processing 
knowhow with this model might provide far reaching insights into the problem and it 
is however recommended that these results produced using N-SPECT be compared to 
those of other hydrologic models using the same inputs. 
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CHAPTER  1 - INTRODUCTION 
1.1 Background and Importance 
The Cape Metropolitan Authority (CMA) and the Stellenbosch municipal areas are 
highly urbanised and extensively cultivated. The urban areas extend from the fringes 
of the Table Mountain, across the Cape Flats, through to the western slopes of the 
western highlands of the Western Cape Province, bordered in the South by the False 
Bay and the Atlantic Ocean. The Kuils and the Eerste Rivers are two major rivers that 
drain part of the region thus the name Kuils-Eerste River catchment. These two rivers 
have their sources in Jonkershoek and in the Durbanville hills, and form two distinct 
sub-catchments viz Kuils River and Eerste River catchments (Petersen, 2002). The 
two sub-catchments combined form the Kuils-Eerste River catchment that covers an 
area of 660km2 which, interestingly, is shared between two urban municipalities. The 
entire Kuils River and downstream segments of the Eerste River fall within the 
boundary of the CMA while the rest of the upper part of the Eerste River is managed 
by the Stellenbosch municipality. Over the years, especially in the aftermath of the 
new democratic South Africa, the surrounding urban areas experienced a large influx 
of immigrants resulting in massive exploitation of the land resources and 
consequently an upsurge of sewage effluents and other pollutants in the area. Storm 
water runoff and direct discharge of sewage effluent both contributed to the present 
state of pollution in the two rivers. As a result, the rivers have deteriorated in both 
their water quality and in their aesthetic value (Petersen, 2002). Taylor (2000) 
confirms that, large changes have occurred both in the flow regime and channel 
patterns of the Kuils River in particular due to eutrophication, which is a direct result 
of extra nutrients entering the river system. Eutrophication clogs the river channel 
causing obstacles to the normal flushing of the water, resulting in water quality 
deterioration. Likewise, the quality of surface and ground water in urban 
environments throughout the entire world is generally deteriorating through various 
urban, industrial and other land use activities and practices. In view of the background 
mentioned above, there is a need for the adoption or formulation of water 
management strategies for intervention. The formulation requires a thorough 
assessment of the situation and the outcomes would inform resource management 
planners to develop suitable solutions for specific problems. There is an imperative 
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need to provide correct answers to whether the deterioration of the Kuils river water 
quality is mainly because of non point source (NPS) pollution from present land use 
practices in the catchment or is it a result of the combined effects of NPS pollution 
and the release of effluent into the river from sewage treatment plants. In order to 
solve these questions it became necessary to assess the pollutant-loading rate of the 
stream from a variety of land use and land cover surfaces within the catchment. 
 
NPS pollution is currently the leading source of pollution to surface water and 
groundwater resources the entire world. NPS pollutants affect approximately 30–50% 
of the world land surface (Loague et al., 1998). Assessment of NPS pollution has 
been gaining recognition and importance in many countries over the last few decades 
with many studies having already been conducted which aimed at identifying and 
quantifying NPS loads at catchment levels (Bhaduri et al., 2000). Hendricks (2003), 
Joseph (2003), Taylor (2000) and Petersen (2002), report that in the Kuils-Eerste 
River catchment, sewage effluent, and pollutants constitute part of the discharge in 
urban storm water systems. 
 
However, identifying sources of pollution and quantifying the loads often is a 
challenge since NPS pollution assessment studies often involve the gathering of 
information about diffuse sources of pollution that may contribute to deterioration of 
water quality (Leon et al., n.d). Typical techniques used to determine the extent and 
magnitudes of NPS pollution problems include the use of long term surface water 
monitoring assessments incorporated with computer–based simulation modelling 
(hydrologic models) (Evans et al., 2002). Due to the long periods and high expenses 
associated with surface water monitoring techniques, computer simulation techniques 
are increasingly becoming more reliable in providing the necessary information 
required for the development and implementation of NPS control programs (Barry et 
al., 2002). NPS pollution constituents have a spatial occurrence by their nature. 
Geographic Information Systems (GIS) have gained popularity as a useful tool for 
evaluating land use regards to the spatial distribution of NPS pollution in the water 
environment at large geographic scales (Naranjo, 1998). Research has shown that 
NPS pollution has geospatial characteristics because potential pollution production 
varies with land use characteristics, and the hydrologic properties of the catchment 
influence NPS pollution (Bhaduri et al., 2000). According to Bhaduri et al., (2000), 
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integrating GIS and NPS pollution modelling helps to identify the areas sensitive to 
NPS pollution based on model simulation results, gives insight into any trends that 
induced by intervention, and enables the cost effective evaluation of alternative 
management strategies and programmes for improved NPS control. A GIS has the 
capability to analyse spatial information and ultimately helps in managing the natural 
resources affected by NPS pollution. 
 
This research project intends to assess the quality of surface runoff in the Kuils River 
catchment and determining non-point source pollutant loading rates in the catchment 
using GIS based modelling. The output will be map layers and data tables that 
represent natural conditions in the catchment. 
 
The scope of this study therefore includes an assessment of surface runoff, which is 
the prime vector of pollutants, and in addition, its quality and the NPS pollutant 
loading rate in the urban catchment. The study findings will contribute to the 
assessment of surface water natural resources and provide vital information for any 
planning activities meant for the sustainable utilization of these water resources, 
which at present are a critical resource in South Africa. The study attempts to 
implement simple modelling methods for the assessment of NPS pollution in the 
Kuils River catchment. Simple models will be used to identify the potential sources, 
extent and magnitude of NPS pollution in the Kuils River sub-catchment, and 
possibly later applied to model pollutant loading in neighbouring Eerste River 
catchment. 
 
1.2 Aims and Objectives 
The major objective of study is to assess Non-point Source (NPS) pollution in the 
surface runoff of the Kuils River section of the greater Kuils-Eerste River catchment 
through hydrologic experiments and modelling using a GIS interface. 
 
 
The specific objectives of the study are the following: 
1. To develop a detailed map of the Kuils-Eerste River catchment area using 
common GIS and Remote Sensing software. 
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2. To conduct hydrologic experiments (setting up runoff plots) at selected locations 
for measuring surface runoff characteristics. 
3. To estimate the volume of surface runoff through GIS modelling using the 
NRCS curve number method. 
4. To assess runoff water from different land use types for their quality through 
sampling and generation of a water quality (event mean concentrations) 
database. 
5. To collate available information on stream flow volumes, stream chemistry and 
surface runoff water quality. 
6. To estimate pollutant concentrations and loading rates in the runoff water, and 
accumulated pollutant loading in the stream or river. 
 
1.3 Research Approach 
Assessment of NPS pollution has increasingly gained worldwide recognition and 
importance over the last two decades. Many studies have already been conducted in 
South Africa and other parts of the world with special emphasis to identify and 
quantify NPS loads at the catchment level. NPS Pollution assessment studies involve 
gathering of information about diffuse sources of pollution in areas that contribute to 
deterioration of water quality. Typical techniques for determining the extent and 
magnitude of NPS pollution include long-term surface water monitoring techniques 
and computer–based simulations modelling (Evans et al., 2002). Computer-based 
simulation techniques have been relied upon most recently for the provision of 
information needed for monitoring NPS and implementation of NPS control 
programmes because of their affordability as opposed to surface water monitoring that 
is time consuming and more expensive. The successful management and control of 
NPS pollution would therefore, require the identification of the sources of pollution, 
the extent of pollution, and the levels of pollutant loads. GIS is a promising tool for 
analysing and assessing NPS pollution in the environment since it involves the use of 
spatial information. This project investigates the extent of NPS pollution on a 
catchment level. 
 
NPS pollution is an extremely complex phenomenon that represents the cumulative 
effect of all the land uses in the catchment, and is associated with human activities or 
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environmental modification; hence, models that attempt to reflect the actual processes 
require large quantities of data, which is rarely available. Thus, the use of long term 
average contaminant loadings for common land uses has therefore, been the most 
common method for approximating NPS pollution. It is therefore, imperative to 
develop a reliable and suitable method for the assessment of pollution distribution, a 
detailed land use or land cover map that shows the various land use categories of the 
area. The whole process would involve the use of an integrated GIS approach that 
implements various mapping techniques. 
 
In this study, the calculation of pollutant concentration and consequently pollutant 
load in runoff from each land use forms the basis for estimating the NPS pollution. 
Such calculations require the generation of several spatial and non-spatial input 
parameters for modelling various contaminants in surface runoff and the accumulated 
pollutant load received in a receiving water body. GIS is a powerful data integration 
and spatial analysis tool that can be used to examine the general association of land 
use type, flow and water quality. Modelling of a NPS pollution using a GIS can take 
account of the spatial distribution of the NPS contaminants in the surface runoff. In 
this study, ArcView GIS is used to aggregate, synthesize and analyze large databases, 
and to identify spatial relationships such as estimating the potential NPS pollutant 
loading rates for the land use and land cover types in the Kuils River catchment. 
 
The estimation of runoff and the associated pollutant concentration in the runoff water 
from each part of the catchment is dependent mainly on the land use (present and past 
anthropogenic activities) and the infiltration properties of the underlying soil. Any 
portion in the catchment will be assigned a specific land use category or class, each 
with an associated runoff rate attribute and chemical concentration attributes based on 
the use of the land and on the nature of the underlying material. The runoff rate 
attribute will be calculated based on the NRCS curve number computations, including 
amount of precipitation, initial loss, and infiltration rates controlled by specific soil 
properties. The runoff rates and pollutants fluxes for a given location or land use 
category will be calculated from the attributes. Soil data (texture) at a given location 
will be used to derive the permeability attributes, which when combined with the land 
use and meteorological data will enable estimation of the corresponding runoff and 
pollution flux rates.  All these parameters are spatially dependent, in the form of 
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maps, with attribute information. A GIS can easily handle the required spatial data, 
calculate, and store the results for further calculations or analysis. The GIS software 
chosen for this modelling study is ArcView GIS, developed by the Environmental 
System and Research Institute (ESRI), Redlands, USA. 
 
1.4 Work Plan and Tasks Involved 
In order to fulfil the objectives of the study outlined, a work-plan showing various 
tasks involved were drawn up. The tasks include literature survey on urban 
developmental activities in the study area, assessment of available data for their 
suitability and use, development of a detailed land use / land cover map of the study 
area, collection of soil and geological data and assessment of hydrological parameters, 
preparation of meteorological data, collection of Event Mean Concentration (EMC) 
data, adoption/modification of a GIS model for surface runoff analysis, and 
demonstration of the model for assessment of runoff and NPS pollution. 
 
1.4. 1 Literature Survey 
The literature review included the search for relevant information based on previous 
studies focused on surface water pollution or closely related topics in the study region. 
Furthermore, similar studies conducted elsewhere were also consulted, particularly on 
methodologies based on their results. 
 
1.4. 2 Land Use/ Land Cover Mapping 
This task involved the preparation of a detailed Kuils-Eerste River map of the 
catchment area in order to establish all potential sources of surface runoff NPS 
pollution. Existing land use maps for the catchment area were evaluated based on a 
land use classification scheme that delineates potential sources of NPS pollution. 
Where the expected details were not available in these maps in accordance with this 
scheme, an attempt was made to prepare such a map within GIS using remotely 
sensed images and/or aerial photographs. The analysis of multispectral high spatial 
resolution satellite data and recent aerial photographs is important for classifying and 
identifying various land use / land cover types existing in the catchment. Where a 
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feature was not clear on satellite imagery, visual interpretation of aerial photographs 
was undertaken. In addition, local knowledge of the area applies if other sources of 
information are not adequate. 
 
1.4. 3 Generation of an EMC Data Base for Kuils River Catchment 
The estimation of NPS pollutant in surface runoff and recharge relies on land use 
related event mean concentrations (EMC). EMC data pertaining to the Kuils River 
catchment land uses is currently not available; hence typical EMC values for 
identified land use classes must be generated. It was therefore essential to have a 
typical EMC data base for this catchment and for a model calibration and validation. 
EMC database is generated from analysis of surface runoff water sampled at fixed 
intervals in storm event for chemical constituents or water quality parameters such as 
nitrates, chlorides, total phosphorus, total nitrogen, biochemical oxygen demands 
(BOD) and faecal coliform (E.coli, total suspended solids, etc). The flow weighted 
averaged concentrations of these runoff constituents were determined from the data 
collected. 
 
1.4. 4 Field Scale Measurements of Runoff and Stream Flow 
Field experiments involve setting up runoff plots to measure the response of runoff to 
different levels of variability in terms of vegetation, soil cover or rainfall 
characteristics at plot scales and on hill slopes. It is possible to build runoff plots on 
representative land use types or vegetation cover in the catchment. Plot boundaries 
were defined by sheet metal flushing and the resulting runoff water collects in gutters 
dug at the base of each plot. The gutters were lined with concrete or embedded with 
plastic materials and the total volume of water that collects is considered an estimate 
of overland flow that was recorded after each rainfall event. 
 
Setting up runoff plots in the field is an expensive and sometimes ineffective task 
because natural rainfall varies greatly from storm to storm and from year to year, 
which adds to the difficulty of assessing results from such plots. The use of artificial 
rainfall simulators can eliminate these variations and also speed up the collection of 
data instead of waiting for natural rainfall to occur. Plot scale measurements using a 
 
 
 
 
 8
rainfall simulator can be used to measure response due to rainfall variability and the 
analysis is applicable at catchment scale. 
 
The measurement of stream flow in the field is generally carried out using current 
meters at calibrated or rated channel cross sections, flumes or standardised weirs, 
often by automatic recorders to give a continuous height record that can be correlated 
to flow. 
 
1.4. 5 Surface Runoff Estimation using GIS Modelling 
Runoff is water that flows down a gradient and occurs when water from rainfall is not 
absorbed into the ground surface on which it falls. The amount of surface runoff 
depends heavily on the amount of rainfall, initial abstraction (initial loss as due to 
interception storage, depression storage, surface storage, and initial infiltration), and 
the type and condition of the ground it falls on (that is the infiltration characteristics 
of the soil, soil moisture, and impervious surfaces) during or immediately after a 
rainfall event. The most important factor in determining the quantity of runoff that 
will result from a given storm event is the percentage imperviousness of the land 
cover. Other factors that affect surface runoff include soil infiltration properties, 
topography, vegetative cover, and prevailing site conditions (USEPA, 1983). The 
surface runoff and infiltration rates are important features controlling input of the 
water into the sub-surface system. Infiltration is the initial process of water entering 
the soil at the ground surface from precipitation or anthropogenic sources (USEPA, 
1998). The direct loss governs the volume and rate of runoff, and thus infiltration 
controls the shape of the runoff hydrograph (Tindall and Kunkel, 1999). Infiltration 
depends on the type of land use, soil type (texture class), vegetation cover, porosity 
and hydraulic conductivity, degree of soil saturation (moisture content), soil 
stratification and drainage conditions, depth of the water table, and intensity and 
volume of rainfall. 
Information on rainfall, soil types, Kuils-Eerste River, and catchment slope is required 
to compute runoff estimation in a catchment. A number of models use the above 
mentioned information for easily estimating surface runoff. This study estimated 
surface runoff using the NRCS curve number method because it is easy to implement 
in a GIS if all the input parameters are available. In addition, the method requires 
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easily available information such as land use type, rainfall depth and soil information 
such as hydrologic soil group (HSG). Rainfall is measured through manual or 
automatic means using rain gauges in the open field. Data from soil and geologic 
maps are used to prepare a map of HSG distributions by reclassifying the units based 
on their textual properties. 
 
Runoff was estimated in the catchment using the N-SPECT Hydrological model. This 
GIS-based model predicts runoff estimations using the curve number method that 
assumes runoff predictions should be dependent upon a 20 % initial storage. 
 
1.4. 6 Assessment of Surface Water Pollution Using a GIS Model 
Pollutant load is estimated by a mathematical model written in ArcGIS that could 
simulate NPS pollutant loads in runoff. The input data for this model were a grid of 
land uses in the study area, a grid of average annual runoff volume in the basin, and 
associated EMC values of the chosen pollutant constituents. The model links EMC 
values of various pollutant constituents to the land use types. The outputs from this 
model consist of predicted annual pollutant loading (mg/m2/year) for each Kuils-
Eerste River that occurs in the watershed. Once the typical EMC values were 
available, the predicted pollutant loading rates were compared with observed loading 
rates in the catchment to determine the estimated annual loading throughout the 
catchment. Using a digital elevation model (DEM), a flow direction grid was 
generated for simulating the accumulated flow using the simulated runoff grid. 
Finally, the accumulated pollutant loading was estimated. The model also simulated 
or predicted down stream pollutant concentrations in the stream networks of the 
catchment by dividing the average annual pollutant-loading grid by a grid of total 
annual cumulative annual runoff. 
 
1.5 Structure of Thesis  
This thesis is organised into five main sections, which will make up the chapters of 
the thesis. 
Chapter 1, already described in this chapter, is the introductory section that gives a 
background of the research highlighting the importance of the study, aims and 
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objectives of this study, and a section summarizing the overall research approach or 
methodology. 
 
Chapter 2 provides a detailed description of the study area, the catchment 
characteristics and a review of the findings of other works that are of relevance to the 
study conducted in the study area and elsewhere and critically analyzes the methods 
used and the respective results.  
 
Chapter 3 describes in detail the preparation of a detailed Kuils-Eerste River map for 
the study area. This chapter comprises mainly of an explanation of the methodology 
used towards achieving the aforementioned task and the results obtained. 
 
Chapter 4 describes in detail the methodology used to generate a data base of event 
mean concentration values for the catchment. This chapter discusses the methods used 
during surface runoff sampling and the results from the statistical analysis that were 
undertaken during the process. 
 
Chapter 5 includes a description of the methods that were used in measuring surface 
runoff, stream discharge and discharge in other surface / open channels (engineered). 
 
Chapter 6 addresses water quality assessment of stream flows. The chapter includes 
discussions on the criteria used in selecting sampling sites along the Kuils River 
profile, the procedures used during sample collection and some inferences from the 
analysis of collected stream samples. 
 
Chapter 7 provides a description on the methods that were used to estimate runoff and 
an assessment of Non-point Source Pollution in the Kuils river catchment using a 
GIS-base model. The chapter discusses the various methodologies that were used in 
preparation of all model inputs, as well as a presentation and a discussion of the 
achieved results. 
 
Chapter 8 provides conclusions drawn from the study and some recommendations that 
may enhance the quality of the study in future. 
 
 
 
 
 
 11
CHAPTER  2 - STUDY AREA DESCRIPTION, 
CATCHMENT CHARACTERISTICS AND PREVIOUS WORK 
UNDERTAKEN 
 
The present chapter is a comprehensive report that describes the study area (Kuils-
Eerste River Catchment) and associated catchment characteristics. The chapter also 
includes a literature review of water pollution assessment studies undertaken in the 
catchment and elsewhere. 
 
2.1 Geographical Setting of the Study Area 
The Kuils-Eerste River catchment is situated in the South-Western Cape coastal area 
of the Republic of South Africa between the Cape Fold Mountains (Cape Peninsula) 
and the Hottentot-Hollande mountain belts near the Cape of Good Hope (Figures 2.1 
and 2.2). The geographical extent of the study area is between latitudes 33º50' and 
34º07' south of the equator and between longitudes 18º30’ and 19º05' east of 
Greenwich Meridian. 
 
The Kuils-Eerste River catchment is a large surface water network that drains the 
Eastern parts of the Cape Metropole into the False Bay estuary, which is located 
around 36 km south-east of Cape Town. The catchment consists of two perennial 
rivers, Kuils River and Eerste River. The Eerste River drains a comparatively larger 
area that extends into the Stellenbosch municipality before joining Kuils River, at a 
location close to Macassar (Figure 2.3). The Cape Metropolitan Authority (CMA) and 
Stellenbosch Municipal area, are two highly urbanised and agriculturally advanced 
regions of the Western Cape that are adjoined by the False Bay estuary to the south 
and the south east (Petersen, 2002). 
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Figure 2.1. The location of the Kuils-Eerste River catchment in Metropolitan Area. 
The municipal boundary line dissects the catchment to two municipal jurisdictions 
(Modified image from River Health Programme, 2005). 
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Figure 2.2. River Channel Networks of Kuils-Eerste River catchment (Feng, 2005). 
 
2.2 The Kuils River System and its Current Conditions 
The Kuils River arises from the highlands of Durbanville near in the Tygerberg hills, 
and runs South through the industrial and residential areas of Bellville and Kuils 
River, through the informal settlement areas of Mfuleni and Khayelitsha before 
joining the Eerste River (Figure 2.3). Kuils River flows through rural sandy plains of 
the Cape Flats, crossing the N2 Freeway below the Driftsands Nature Reserve and 
flows towards the East of the residential area of Khayelitsha to Macassar (Petersen, 
2002 and Hendricks, 2003). In the lower course the river, there are wetlands, which 
are of value to the diversity of the surrounding southern Cape’s indigenous and 
endemic fauna and flora. The once highly seasonal river, which only flowed during 
summer, became perennial due to the discharge of large volumes of treated sewage 
effluent from Scottsville, Bellville and  
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Figure 2.3. Location and Distribution of the stream network in the Kuils - Eerste River urban catchment area. Source: Petersen, 2002; Harrison, 
1998). 
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Zandvlei Waste Water Treatment Works (WWTW) (Figure 2.3). From the point 
joining the Eerste River in the Cape Flats region, the catchment is characterised 
mainly with underdeveloped and unmanaged open land with other streams such as the 
Moddergat Spruit also entering the river. The mouth of the Eerste River is 
characterised by an estuary. Two industrial plants, the Somchem factory and the 
Macassar Waste Water Treatment Works (WWTW) are located along the Eastern and 
the Western banks respectively (Wiseman and Sowman, 1992; Ninham Shand, 1999; 
Petersen, 2002). Therefore, beside surface runoff, the river also receives chemical 
waste from industrial drains and treated sewage effluent from a number of WWTW 
located in the catchment. Table 2.1 contains the approximated discharges in million 
cubic metres from a list of WWTW located in the catchment. The combined 
catchment surface area that is drained by both the Kuils and the Eerste Rivers covers 
approximately 660 km2, of which approximately 45% is contributed by the Kuils 
River (Morant, 1991; Harrison, 1998; Peterson, 2002), hence, the Eerste River 
occupies approximately 360 km2. Therefore, the Eerste River contributes more flow at 
the point of the estuary before the outlet into False Bay. 
 
Table 2.1. Waste water treatment works and their discharge volumes into nearby 
rivers. Source: River Health Programme Report, 2005. 
WWTW Discharge volumes (Million m3) River Receivng Waste Water
Scottsdene 2 Bottelary
Macassar 13.3 Eerste
Bellville 14.7 Kuils
Zandvlei 16.8 Kuils
Stellenbosch 8.4 Eerste  
 
Urbanisation has caused the degradation of the water bodies within the Kuils-Eerste 
River catchment (Petersen, 2001) and in addition, discharges from a number of 
existing sewage works/plants and agricultural practices have changed the hydrological 
character of the rivers. According to Taylor (2000), the activities resulted in the 
physical impoverishment of the river system and an increase in vegetation 
encroachment leading to eutrophication. Taylor (2000) further explains that, the 
introduction of impurities into the water bodies is indirect, significantly intermittent, 
and from diverse sources, hence termed Non Point Sources (NPS) of pollution 
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associated with rainfall and storm events. Meanwhile, the nature of NPS makes it 
difficult to control and eliminate the phenomenon most of the time (Warrington, 
2000). 
 
According to River Health Programme Report (2005), only a few of the upper reaches 
of the rivers in the Cape Metropolitan Area are still in a natural or proper ecological 
state. Developments in the lowland areas modified the rivers, resulting in their poor 
ecological states. Significant stretches of rivers are canalised, having poor water 
quality, modified flows, and abundant alien fish and plant life. The ecological 
functioning of these rivers is severely reduced and many require rehabilitation. The 
River Health Programme Report (2005) defines the functioning of a river to include 
supply of nutrients, breakdown of pollutants, conservation, flood attenuation, 
providing natural products and recreation, and a place for conducting spiritual rituals, 
which contribute to human welfare and economic growth. By measuring selected 
ecological indicator groups, the national river health programme established that 
people negatively impact on health of the rivers and the larger ecosystem. 
 
2.2.1 River Channel Modifications 
The Kuils River was upgraded during the last decade by concrete lining parts of the 
river channel between Van Riebeeck Road and the Stellenbosch Arterial road, as well 
as the reach between the R300 and Van Riebeeck Road, in order to limit flood levels 
(Fisher, 2003). Figure 2.4 shows the location and the extent of the channelled sections 
of the Kuils River channel. The total length of river modified by concrete channels 
totals about 3-4 km, constituting about 10% of the total length of the Kuils River 
(River Health Programme Report, 2005). This concrete lining in the channel is 
however, frequently punctuated with tile outlets that drain subsurface flow arising 
from groundwater seepage from the surface. The contribution of these outlets to the 
total discharge is unknown although minimal compared to surface or storm runoff 
water. 
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Figure 2.4. Map illustrating the canalised section of the catchment network and some 
stream sampling points in the study. 
 
The Kuils River and the Eerste River catchment experience increasingly impaired 
quality, shorter times of concentration, and increased flush discharges (Petersen, 
2002). Significant alterations in the river system mainly led to deterioration and loss 
in aesthetic and recreational value of the river (Petersen, 2002). The deterioration of 
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the Kuils River stems from agricultural activities, urbanisation, uncontrolled human 
encroachment (erecting of informal settlements), canalization, alien vegetation 
invasion, and extensive loss of endemic animal and natural vegetation species (Fisher, 
2003 and Hendricks, 2003). The Kuils River has suffered habitat loss due to 
canalisation, which was implemented as a control measure to alleviate floods as a 
result of urban encroachment. Approximately 10% of the Kuils River was canalised 
leading to habitat loss in the channels. Since the gradient of the canals is too low to 
enable effective flushing of the channel system especially during low flow periods, it 
has added to deterioration in water quality in the river channel (River Health 
Programme Report, 2005). It has instead led to increased levels of aquatic plant 
growth in the channels, a phenomenon known as eutrophication, which is linked to the 
occurrence of excessively high levels of nutrients in the water contents typically 
originating from agricultural sources (Figure 2.5).  
 
Furthermore, the river system is very typical of an urban water body as it serves as a 
convenient and cost-effective transport route for outputs from domestic households, 
industries, recreation sites, storm and waste water disposal as well as sewage waste 
disposals (Hendricks, 2003), resulting in serious water quality degradation. The 
dumping of solid waste and use of the river water ablution purposes by locals also 
contributes to the continuous deterioration of the river. These solid wastes that are 
dumped in the river clog the channels thereby obstructing free flow of the streams. 
This has further exacerbated the clogging problem caused by dumping and a further 
deterioration in quality. Figure 2.6 shows municipal workers who regularly clear some 
of the solid waste to minimise the adverse effects on the river system. 
 
Ultimately, the deterioration rendered the river system unfit for domestic, agricultural 
and other aesthetic uses and restoration of the Kuils River to near pristine state will be 
a difficult task as further urbanisation in the catchment is expected to increase the 
amount of sewage effluent and storm water volumes. 
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Figure 2.5. Algal growth in the channelized sections of the stream channel close to 
R310. 
 
Figure 2.6. Municipal workers clearing the channel of solid waste that clog the 
channels. 
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2.3 Catchment Characteristics of the Kuils-Eerste River Catchment 
The character of the land surface affects the way water flows through the surface of 
the land. A barely vegetated land surface with thin soils and steep slopes produces a 
quite different runoff response to a given rainfall as compared to a lushly vegetated 
surface overlying deep soil on shallow slopes. As changes in land use occur, the 
characteristics of the land surface transform ultimately, which in turn affects the 
hydrologic characteristics of the land surface such as the transformation of rainfall 
into runoff, groundwater recharge, and pollutant loads. The land surface can be 
characterised at any location by the type of land use, soil types, prevailing climatic 
conditions, and terrain characteristics (such as geology, soil types, topography and 
slope). The following section describes key aspects of the catchment characteristics of 
the Kuils-Eerste River catchment. 
 
2.3.1 Climate 
The climate of the Kuils-Eerste River catchment area is typical of the South-Western 
Cape, which falls within a winter rainfall region with a characteristic Mediterranean 
climate (Du Plessis et al., 1989). The climate of the area is generally influenced by the 
south Atlantic anti- cyclone and therefore in a south-easterly wind regime (Petersen, 
2002). The summers are dry, warm to very hot, and with strong south-easterly winds 
prevailing with daily temperatures reaching up to 400C. Winters are wet and cold, 
often with gale-force North Westerly winds that bring temperatures down to as low as 
00C, often leaving the high peaks inundated with snow (Hendricks, 2003). Rainfall, 
the predominant form of precipitation, is typically orographic due to the mountainous 
topography, resulting in the area receiving the highest rainfall in Southern African 
region. About 85% of the rainfall falls within six months of the winter period, from 
April to September. The highest wind velocities normally occur at Cape Point, with 
the fringing mountains on the eastern side of False Bay creating a wind shadow over 
the Eerste river area (Petersen, 2002; Hendricks, 2003). 
 
The highest mean monthly precipitation occurs in June because of cold fronts linked 
with the tropical cyclones that traverse the Cape from the Atlantic Ocean. The 
summers are associated with high wind speeds, particularly the “South-Easters” 
blowing from the south. Berg winds, associated with hot and dry winds, also occur in 
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autumn. The air temperature range is mild and averages from 7º C in July to 26ºC in 
January and February. 
 
Average rainfall over the area of the Cape Flats is much less than in the surrounding 
mountains, and averages about 500 mm per annum, with most rainfall occurring 
during winter (Du Plessis et al., 1989). The mean annual precipitation increases to 
about 800 mm in the eastern hills due to orographic effects (Du Plessis et al., 1989). 
 
Data procured from the South Africa Weather Service for a period of 22 years (1985- 
2007) shows that there is an apparent decline in rainfall over the years (Figure 2.7). 
However, annual rainfall in the catchment area is uniform, averaging between 400 to 
900 mm with most the rainfall occurring during the winter months mostly from April-
September (Figure 2.8). It is important to note that the degree of variability in 
microclimate in this area is extreme due to its unique location and topographic 
influence of its surrounding mountains. 
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Figure 2.7. The mean annual rainfall recorded at selected rain gauges in Kuils River 
catchment area from 1987 to 2007. 
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Figure 2.8. Graph showing the monthly distribution of rainfall in the study area. Data 
source: South African Weather Service, Cape Town International Airport. 
 
2.3.2 Topography 
The topography of the Kuils-Eerste River catchment varies greatly from high and 
steep mountain terrains to very flat regions near the coast. For example, the 
Jonkershoek area consists of topography ranging from the steep mountain ridges, 
cliffs, ravines and spurs to the almost level ground of the main Jonkershoek Valley 
floor. The upper slopes and cliffs consist of resistant sandstone of the Table Mountain 
Group with some granite intrusions (outcrops). The highest peaks range from 1220 m 
in the mountain peaks making up the larger Hottentot-Holland Mountain to about 120 
m at lower height around Stellenbosch. The lower slopes and valley floor are 
composed of Cape granite frequently buried by rocky debris from the upper sandstone 
and by alluvium of old river terraces. 
 
2.3.3 Soils 
The area consists of varied soil type which may be partly responsible for the great 
diversity in plant species here (Du Plessis et al., 1989). The soil derives from Table 
Mountain Sandstone is very sandy, very acid (pH 4 and below), and very deficient in 
nutrients (Du Plessis et al., 1989). The most common soils found here are clay-rich 
loams, which are highly valued for their water retention capabilities even during the 
dry summer months. River gravels are present in the modern river floodplains and on 
the ancient gravel terraces of the Eerste River just above the current river level. The 
acidic and potassium rich soils derived from the weathering of the granites are a 
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prominent property of the Coastal Region. Rock weathering products include 
primarily the clay kaolin, which occur in large amounts and locally called “pot clay”. 
Of significant importance also is the occurrence of Saprolites that are the intermediate 
products of the weathering of the granite bedrock below the soil profile. By definition, 
Saprolites represent a stage of chemical weathering whereby the granite bedrock has 
not completed the transition from rock to becoming a soil horizon. Heavy clays of pH 
8 and above exist in the lowlands. These are derived predominantly from Malmesbury 
Group rocks that are also noted for their potassium-rich contents. 
 
2.3.4 Geology 
The Kuils-Eerste River catchment has a complex geology characterized by recent 
sediment deposits (Aeolian sands), sedimentary rocks Table Mountain Group (TMG), 
igneous, and metamorphic rocks (granites). The Table Mountain Sandstones (TMG) 
occur in the upper reaches of the Kuils-Eerste River catchment whereas Malmesbury 
group shale and Cape granite occur in the middle reaches (Taylor et al., 2001). 
 
The lower reaches of the river cuts aeolian sands in the coastal plain (Heydorn and 
Grindley, 1982). The upper reach of the river catchment is predominantly impervious 
hard rock that consists mainly of the Table Mountain sandstones forming the steep 
fronts of the Jonkershoekberg, Simonsberg and Stellenboschberg underlain by slate 
and quartzite of the Malmesbury group, and intrusive granites and metamorphosed 
hornfels of sedimentary origin that resulted from contact metamorphism (Sohnge, 
1991). Residual deposits of river gravels, clay deposits and sand mainly occur in the 
lower reaches of the river, which results in the surface cover in the upper catchment 
contributing high surface runoff. The high surface runoff forms an important 
percentage of the total runoff, possibly due to high flowing speeds and short residence 
times, whereas rainfall infiltration becomes very significant in the lower reaches 
resulting in subsurface runoff (Ninham Shand, 1979). 
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2.3.4.1. Geologic history of the of the Western Cape Coastal Region 
The Western Cape Coastal Region occupies the coastal plain between the Atlantic 
Ocean in the west, and the North-South trending mountains such as the Hottentots–
Holland and the Stellenboschberg in the East (Sohnge, 1991). The Precambrian rocks 
of the Malmesbury Group (950–550 Ma) are the oldest geological units present in the 
area and are largely shaly rocks that deposited under marine conditions in an ancient 
ocean bordering a landmass known as the Kalahari craton. Subsequently, during the 
Cambrian period 550–510 Ma, continental collision occurred and triggered volcanic 
activity that was marked by the intrusion of several individual Pan-African plutons 
(the Peninsula plutons, the Spier-Stellenbosch plutons granite intrusions), which now 
constitute the Cape Granite Suite into the Malmesbury Super group. The granites are 
largely S-type granites that occur as large batholiths and form the parent geology of 
Stellenbosch and environs (Heydorn and Gindley, 1982). These S-type granites are 
typically granitic in texture, predominantly peraluminous in chemistry, and commonly 
show Al-rich minerals such as cordierite and muscovite in addition to biotite. 
A period of erosion followed, lasting until 450 Ma when the Ordovician-Devonian 
quartzitic sandstones of the Table Mountain Group deposited in a shallow sea making 
up the basal formation of the Cape Super group. A well-developed unconformity 
marks the base where the sandstones rest on the older shales or granites. Tillites and 
Shales of the Pakhuis and Cederberg Formations deposited during the late Ordovician 
Glacials mark the only variations in the sandstone-dominated sequence. A later period 
of continental collision at 250 Ma resulted in the formation of the Cape Fold Belt, 
which is the present mountain scenery of the region. The erosion for the last 65 Ma to 
produce the residual soil horizons and river gravels seen today marked the final phase 
of the geological history of the Coastal Region. 
 
2.3.5 Vegetation 
The vegetation is naturally Fynbos in the areas underlain by sandstone, granite and 
shale rocks. Renosterveld vegetation is abundant in areas underlain with shale and 
alluvial deposits. Alien plant species (wattle, poplars, Spanish reed, kikuyu, and 
nasturtiums) introduced by the early European settlers into the region became invasive 
to replace much of the indigenous riparian vegetation throughout the catchment. In 
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addition, the alien trees modified the riverbanks, confining and deepening the channel, 
and thereby increasing erosion (River Health Programme Report, 2005). 
 
2.3.6 Land use 
The quality of surface runoff largely depends on the surface characteristics of the 
different land use / land cover types on which it traverses. Land use is one of the most 
important characteristics of the runoff process as it affects infiltration, erosion and 
evapo-transpiration rates (Melesse and Shih, 2002). Very often, NPS pollutants 
naturally occur as salts and trace elements wash off (in solution) from rocks and soils 
or they originate as a direct consequence of human activity such as the application of 
pesticides and fertilizers in agriculture (Corwin and Wagenet, 1996). In the urban 
environment, NPS pollution generally occurs as a consequence of land use activities 
(human activities such as agriculture), urban runoff, hydro modification, and resource 
extraction amongst others. The correlation between land use, contaminant and runoff 
contributes to understanding NPS pollution. Logically, land use determines the 
amount and type of NPS contaminant that enter surface waters by virtue of release 
from certain land use categories into the environment, and due to land surface 
modifications that alter the hydrologic properties of the ground leading to changes in 
runoff characteristics (Schueler, 1994). 
 
The Kuils-Eerste River is highly urbanized (residential, industrial and commercial) 
and also has extensive commercial agriculture. The major land use types of the non-
urbanized or agricultural areas are vineyards, deciduous fruits, lucerne, pasture and 
forest plantations (oak and pine amongst others). The majority of cultivated land is 
used for wine production and the remaining portion for growing fruits, lucerne and 
pasture. The remaining land is covered mainly by Fynbos, wetlands and water bodies 
such as vleis, ponds, lakes, reservoirs or dams. 
 
2.3.6.1 Agriculture 
The agricultural activities in the Kuils-Eerste River catchment area are predominantly 
intensive due to the presence of extensive orchards (Schulz et al., 2001). The arable 
land in the catchment is mainly situated to the north of the Durbanville hills, in the 
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eastern hills of Kanonkop and surrounding areas of Kraaifontein, where there is a 
prevalence of vineyards and poultry farms. Extensive plots of vineyards and 
horticultural plots (vegetable and strawberry farms) occur further south in the Kuils 
River area, especially along the Polkadraai highway towards the town of Stellenbosch. 
In general, the contamination of water bodies from agricultural activities particularly 
arises from pesticide application on fruits just prior to the harvest season, and fertiliser 
application to the soil for nutrient enrichment. Site-specific details of land use 
practices in the agricultural domain of the catchment require intensive field 
evaluations and surveys amongst the farmers involved since not much published 
material is available on the subject. 
 
2.3.6.2 Residential Settlements 
In recent years, extensive developments have occurred from the headwaters to 
downstream of the catchment. 
The Durbanville area: The Durbanville area is largely an urban residential suburb that 
is located in the north of the catchment. This area is mostly inhabited by the people of 
the medium to higher income group. Residential units here are characterised with 
yards that are 30 % built and about 70 % open space or managed grass. A number of 
out door recreation facilities like golf courses and race courses adjoin the residential 
units (e.g. the Durbanville golf and horse courses). During the last two years, this 
region has been extensively developed further. The developments include newly 
constructed MDR residential settlements (e.g. Sonstraal) and commercial centres. 
Such developments involve creating space for erecting buildings and open parking 
areas whilst lots of the pristine vegetation, including riparian vegetation are being 
removed or covered with the construction of numerous residential estates and 
shopping malls. Extensive plots of wine and livestock can also be found beyond the 
fringes of the residential quarters. 
 
The Bellville and Kuils River areas: these Bellville and Kuils River areas are located 
south of the Durbanville area. These areas have been largely described as high density 
residential areas with mostly detached and semi-detached houses which are closely 
bordered by multi-storey buildings. This region of the catchment is also the seat of 
intense commercial activities in this northern suburb sector of Cape Town. 
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Further southwards of Kuils River and Bellville are well established mixes of high to 
medium density informal and formal residential settlements (e.g. Mfuleni, Eersterivier 
and Khayelitsha) and of riverside rural farm settlements (e.g. Sandvlei and Marcassar) 
(Hendricks, 2003). These riverside settlements are sparsely populated and have 
limited basic social facilities in supply. Hence, the major sources of pollution are 
domestic wastes resulting from ablution, sanitation, laundry and dumping of solid 
waste. However, a couple of formal settlements with well-planned drainage and 
proper housing, such as parts of Khayelitsha, have minimal contribution to the general 
pollution from the area. Another major source of surface pollution emanates from 
livestock that loosely deposit their waste (faeces) in the surrounding pasture fields 
close to the river banks. 
 
2.3.6.3 Industry 
Industrial developments in the Kuils River catchment area continue to expand. The 
industries include a few waste water-treatment and chemical plants (for example, 
Somchem). Most sewage-treatment plants mainly occur in the Bottelary sub-
catchments of the Kuils River (Feng, 2005), but other treatment plants are located 
elsewhere in the catchment, for example the Bellville and the Scottsville waste water-
treatment plants. A number of industrial zones also contribute to the land use 
activities that influence the catchment, for example the Kraaifontein industrial zone, 
Bellville, Brackenfell, Stikland, Blackheath, Kuils River, Sacks Circle, and Sarepta 
industrial areas amongst others. Industrial waste and sewage treatment effluents from 
these facilities contribute to surface water contamination. 
 
2.4 Previous Studies Undertaken in the Kuils-Eerste River Catchment 
There is not much literature on studies relating to surface water in the Kuils-Eerste 
River catchment. The subjects that have been researched and reported/published range 
from aspects covering surface runoff assessment and surface water quality assessment 
with special attention to the effects of climate, terrain conditions, channel 
morphology, vegetation, and levels of development local environment. The following 
section presents an overview of the literature published on forest hydrology, fluvial 
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geomorphology, flooding, stream flow, runoff generation, and pollution in the 
catchment under study. 
 
Van Wyk (1987) reported the effects of replacing the natural grass or shrubveld 
(vegetation) in the Jonkershoek Forest Research Centre (18o15’E and 33o75’S) and 
accompanying sub-catchments with exotic tree species (afforestation).  The area has 
Mediterranean valley climate, characterised by very heavy rains during the winter 
months, and a surface geology made up of granitic colluvial debris and friable sandy 
loam soils. The study results revealed that afforestation reduced stream flows which 
later became stabilized after 12 and 40 years. In addition, high rainfall within those 
years associated with characteristic reductions in stream flow. However, the tested 
models could not explain the reductions in stream flow in the presence of such high 
precipitation (Van Wyk, 1987). 
 
Bands et al., (1987) reported the research conducted by the Jonkershoek Forest 
Research Centre, mainly focused on determining the effects of evapotranspiration 
demands, water yields, and the influence of afforestation on these processes. The 
research design involved hydrologic experiments on a range of subjects including, 
climate, forestry and stream flow, hydrological processes, and ecological studies. The 
Jonkershoek forest reserve is a state-owned and extensively been afforested, with 
about 30 % occupied by the Eerste River catchment. The study revealed that the forest 
is associated with high rainfalls and may form part of a hydrological feedback loop 
with evaporation contributing to further rainfall. In addition, the study also revealed 
that the distribution of forest does not influence the climate and soil moisture content. 
The air masses that bring rains have mainly marine sources. Hence, vegetation 
negligibly affects the rainfall and micro climate. The results from mountain catchment 
management and water yield experiments showed that planting exotic trees in 
previously fynbos or grassland catchments significantly reduced stream flow, and that 
stream flow is sensitive to even slight changes in catchment vegetation cover. 
Furthermore, water quality studies revealed that the effects of burning natural 
vegetation are minimal and of a short duration, that the greatest quantities of mineral 
nutrients occur during the first few rains flushes after the burning out of natural 
vegetation cover. However, the losses negligibly affect the nutrient status of the soil in 
generally because most of the nutrients are captured in the soil profile and do not 
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reach the stream. The research findings established that normal plantation clearings 
cause increase silt loads and small concentrations in dissolved nutrient loads, but 
extensive fires can cause significant erosion, which reflects in heavy sediment loads 
and significant dissolved nutrients, particularly nitrogen in streams in a long-term 
basis (Bands et al., 1987). 
 
According to the River Health Programme Report (2005), only a few of the upper 
reaches of the rivers in the Cape Metropolitan Area are still in a natural or good 
ecological state. Developments in the lowland areas modified the rivers, resulting in 
their poor ecological state. Significant stretches of most rivers are canalised, have 
poor water quality, modified flows and abundant alien fish and plant life. The 
ecological functioning and delivery of “goods and services” by these rivers is severe, 
and many of these rivers require rehabilitation. “Goods and services” include aspects 
like water supply, breakdown of pollutants, conservation, flood attenuation, natural 
products, recreation and spiritual rituals, which contribute to human welfare and 
economic growth. Thus, people affect river health when they use rivers. Currently, 
The National River Health Programme has been assessing the health of these rivers by 
measuring selected ecological indicator groups that represent the condition of the 
larger ecosystem. The results obtained from some indices investigated confirm the 
above assertions. 
 
Hendricks (2003) analysed the effects of flooding and pollution on the Kuils and 
Eerste Rivers, and the potential health risks to the natural setting and people alike. 
The initial goal of the research was to correlate the quality of river water, the 
frequency of flooding, and the prevailing health indices of the investigated 
communities. The research was conducted in Malabos (informal settlement), Kramat, 
and Zandvlei (built up area) settlements of the Western Cape over a year period, and 
the results submitted as a master mini-thesis to the University of the Western Cape. 
The results show that exposure to one environmental hazard severely affects or even 
worsens the effects of other hazards. The finding and further indicates that numerous 
elements in the environment exist that accentuate health hazards because of floods 
and river contamination, hence the Kuils and Eerste rivers pose health risks to 
surrounding communities as they are very prone to flooding, frequently associated 
with contamination. Hendricks (2003), therefore, recommended an increase in 
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sanitary facilities in informal settlements to improve sanitation and thereby reducing 
the volumes of faecal coliform. In addition, residents were discouraged from using 
river water for domestic applications due to occurrence of disease and authorities 
advised to educate residents about water treatment and disinfection. Furthermore, the 
researcher recommended provision of waste removal services to deter residents in 
mostly informal settlements, from dumping, especially into the rivers (Hendricks, 
2003). 
 
Ninham Shand (1979) studied the flow in Kuils River and drainage in the catchment 
by defining the catchment and assessing the developments carried out the area, 
including an investigation of peak discharges, annual flow, and the effects of 
discharge from sewage treatment works. The results attributed the pollution of the 
river to rapid increasing quantities of nutrient-containing effluent discharged from 
sewage treatment coupled with pollution from urban and agricultural areas. The 
researcher also indicted the threats of pollution damage to ecologically valuable 
wetlands of the lower river and recommended flood protection measures at Kuils 
River; including protection of the environment, development of nature reserves, and 
use of water storm-drainage control and additional flood protection measures 
(Ninham Shand, 1979). 
 
Fisher (2003) studied the impact of channelization on the geomorphology and ecology 
of the Kuils River. This study reported on the introduction of channelization as a 
control measure against bank failure and frequent flooding caused by excess flow 
from the river that had resulted from urbanisation and storm water input into the Kuils 
River. The main objective of the research was to investigate the impact of 
channelization on the changes in channel morphology, water quality, and the general 
health of the river through the investigation of the microbiology, plant communities, 
and their general response to flood occurrences. The study design involved selecting 
representative sampling sites upstream, within, and downstream of the channelized 
reach during the year 2001. The research established that the Kuils River was prone to 
flooding that resulted in collapse of channel banks and poor water quality as indicated 
by the presence of specific micro-organisms, and that the effects of channelization 
varied along the river resulting in different impacts. Some of the impacts include 
reduction in substratum and stream diversity resulting from uniformly shaped 
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channels, massive bank collapse and the eventual collapse of the Old Bottelary Road 
bridge pillar due to undercutting from upstream migration or bank erosion. 
Furthermore, channelization led to the disturbance of pristine soil and vegetation 
causing the invasion of channel by alien weeds (Fisher, 2003). 
 
In another study, Taylor (2000) monitored the river system and the estuary, and 
reported large changes in flow regime and channel pattern to have occurred in the 
Kuils River. The study established that the physical river system was in a poor state 
because of the sewage effluent discharged into the river, and increased vegetation 
encroachment along and within the river, which led to eutrophication due to extra 
nutrients entering the river. In addition, the study established that the density of 
vegetation along and within the river was not helping the flushing of the river, and 
hence, could not improve the condition of water quality (Taylor, 2000). 
 
The Division of Water Technology of CSIR investigated the urban geohydrological 
storm water runoff from the Khayelitsha catchment, a typical “third world” settlement 
in the False Bay area, South Western Cape (Wright et al., 1993). The Khayelitsha 
settlement is a rapidly urbanising settlement that sprawled after the collapse of the 
“Apartheid” and the abolition of the influx control. The study mainly aimed at 
identifying pollution sources, assessing the magnitude of the storm water 
contamination and assessing the effects on the receiving water body. The results 
showed that pollution from storm water runoff originating in the Khayelitsha 
catchment was microbial in nature with high concentrations of organic nutrients 
throughout the year. Trace metal pollutant load inputs were low reflecting the lack of 
industries and motor vehicles but some formal housing sites showed heavy metals 
inputs while service sites produced the worst storm water quality. Interflow and 
groundwater flow dominated, resulting in large base flow since sandy nature of the 
terrain permitted little overland flow. Base flow was, therefore largely contaminated 
as highly porous sands allow pollutants to infiltrate. 
 
Petersen (2002) examined some the geomorphological changes that have occurred in 
the Eerste River estuary due to urbanisation. This study reveals that the subsequent 
opening of the estuary from a specifically closed one (from 1988) to an open one 
attributed to the increase in flow from storm water runoff and treated sewage outflow 
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from the several wastewater treatment plants. The estuary is a flood-prone one with 
shallow and narrow channels which are the results of deposition. Westward bank 
migration as a result of bank undercutting into adjoining dunes occurs where no 
vegetation was found (Petersen et al., 2002). 
 
Joseph (2003) examined the effects of solid waste on the lower reaches of the Kuils 
River, the lower reaches of the Eerste River, and a section from the confluence of 
these two rivers downstream during April of 2002. The study findings identified the 
human impact and interference as the greatest factor contributing to the increasing 
quantities and concentration of solid waste. The distribution of the waste material 
changed the flow regime that leading to increased flow velocity, increased resistance, 
redirection of flow, redistribution of sediments, and scouring channel beds and mid 
channel sand bars (Joseph, 2003). The researcher recommended an intensive 
educational campaign in the community on responsible waste disposal. 
 
Taylor (2001) conducted a pilot project aimed at examining the Integrated Catchment 
Management (ICM) practice in the Kuils-Eerste River system, the impact of rapid 
geomorphic change in the Kuils-Eerste River estuary on alien vegetation on the 
riverbanks, and the impact of solid waste on the channel morphology, substrates, and 
flow. The researcher proposed future work on water quality issues, pollution source 
and river management in urban context (Taylor et al, 2001). 
 
2.5 Conclusion 
The literature survey revealed that there are not many water pollution related studies 
undertaken in this catchment. Most of the studies undertaken in the past were 
conducted on defined reaches or certain portions of the catchment area. The real 
extent or magnitude of runoff pollution from the whole catchment is therefore, not 
clear from these studies. Instead, a detailed investigation of the land use practices and 
their impacts, by means of monitoring studies over the whole catchment, is necessary 
for understanding surface water pollution. This current project plans to conduct a 
detailed study of the current land use practices in the catchment and assess the 
magnitude of pollution emanating from various Kuils-Eerste River types of the whole 
catchment, which ultimately enter the Kuils and Eerste river systems. 
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CHAPTER  3 - PREPARATION OF A DETAILED KUILS-
EERSTE RIVER MAP FOR THE KUILS - EERSTE RIVER 
CATCHMENT AREA 
3.1 Introduction 
In the beginning of the study, a digital land use map was procured from the City of 
Cape Town but this map was found to be inappropriate for use in this study. Firstly, 
the data in this map covered just a portion of the catchment, i.e. the section that occurs 
under the administrative jurisdiction of the Cape Town Metropolis; the Stellenbosch 
municipality area was left out (Figure 3.1). Secondly, the nature of the map was not 
appropriate for the purpose of assessing pollutant fluxes emanating from the diverse 
activities in the catchment. This meant that an improved and more detailed map was 
needed for assessing non point source pollution in the Kuils-Eerste River catchment. 
Such a detailed land use / land cover map suited for pollutant flux modelling in the 
catchment was prepared through an integrated approach. In this approach a land use / 
land cover classification scheme that delineates potential origins of non point source 
pollution through runoff processes was first developed. Then existing spatial data, 
satellite images and aerial photographs were used to extract land surface features from 
them using various approaches. All the land use information and spatial data sets such 
as aerial photographs, satellite images and other ancillary data related to land use 
activities were then procured. The accumulated data was then processed using remote 
sensing and GIS tools to produce a detailed land use / cover map, which was finally 
used in a hydrologic model for pollution flux assessment. 
3.2 Methodology and Results Obtained 
The procedure that was used to extract Kuils-Eerste River information was generally 
based on a methodology / approach that were experimented in Thomas (2001) for 
Birmingham in the United Kingdom. The approach was an integrated land use / land 
cover mapping procedure, based on a specially formulated Kuils-Eerste River 
classification scheme from which various thematic map layers were generated. These 
thematic layers were later merged together to produce the final detailed land use map 
that delineates potential sources contributing to runoff and pollution in the catchment. 
The needed information was obtained through digital image classification of acquired 
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remotely sensed digital images, visual interpretation and manual on-screen 
digitisation supported by local knowledge of the area and use of other data that was 
readily available in GIS format and further GIS analysis and data conversion. This 
approach also involved multiple image processing algorithms provided by different 
software packages to obtain the best results. The following sections will explain in 
greater details how the above approaches were implemented for the Kuils-Eerste 
River catchment. 
Generalised Land Use / Land Cover Map of CMA
Data source: City of Cape Town
Map produced by author in ArcMap
copyright 2007.
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Figure 3.1. Generalized land use map of the catchment procured from the Cape Town 
Metropolitan Authorities. 
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3.2.1 An Overview of Land Use Classification Schemes 
In creating a Kuils-Eerste River map that would delineate possible sources of 
pollution, a land use classification scheme was developed for the catchment. A land 
use classification scheme is a systematic aggregation of homogenous land use and 
cover class definitions (Thomas, 2001). The information on the various land uses and 
land covers are often obtained from remotely sensed output such as satellite images, 
aerial photographs, and other data related to land use activities (Liu et al., 2006). Land 
use classification systems often take two basic formats: hierarchical and non 
hierarchical. The hierarchical system of classification, as opposed to the non-
hierarchical one, is a very flexible system that allows for the accommodation of 
different levels of land use information starting with broad level classes structured 
allowing further subdivisions to account more land cover detail (Thomas, 2001). A 
hierarchical classification system was used in this study. 
 
A land use / land cover classification system can have an a-priori or a-posteriori 
design. An a-priori classification is a predetermined classification system, where the 
land use / land cover classes are defined prior to the actual collection of data. 
International organizations such as FAO and individual governments or national 
organizations use this approach to accommodate land use information in an existing 
framework or scenario. The main advantage of an a-priori classification is that the 
classes are standardized independent of the area to be described and the means / 
techniques used to map (De Bie et al., 1995; AFRICOVER, 1998). Alternatively, A-
priori classification systems can be designed based on user’s specific study 
objectives, for example, the proposed land use / land cover classification system for 
use in the urban groundwater recharge pollutant flux model (Thomas, 2001). In an a-
posteriori classification system, the classes are defined based on the analysis of the 
collected data (De Bie et al., 1995). With the a-posteriori classification approach, a 
classification is constructed after the data is classified using certain available 
techniques / classifiers, and the acquired data and the actual processing method used 
determines the classes that are identified and mapped. The advantage of a-priori 
classification is flexibility compared to the implicit rigidity of a-posteriori 
classifications. Adversely, since a-posteriori classifications depend on the study area 
or objectives, the system is unable to define standardized classes for all regions. 
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3.2.2 Formulation of a Kuils-Eerste River Classification Scheme for the Kuils 
and Eerste River Catchments 
A number of classification systems have been developed to be used for the description 
of land use and land covers at global, national and regional levels (CEC, 1995, 
Thompson, 1996; Anderson et al., 2001; Palmer, 2002; Ahlcrona et al., 2002; Eva et 
al., 2002;). The majority of the existing classification schemes build on specific user-
defined objectives that accommodate aspects of conservation, agriculture, and 
territorial and resource management, influenced by geographical locations and data 
capabilities (Thomas, 2001). The concepts of land use has been defined as the human 
activities undertaken within a social and economic context on the land, and land cover 
on the other hand refers to the observed physical attributes of the land surface e.g., the 
vegetation and human built structures covering the earth’s surface (Lillesand and 
Kiefer, 1987). 
 
The development of a classification scheme for the Kuils-Eerste River catchment was 
based on the National Land Cover 2000 (NLC 2000) classification system, which is a 
standardized baseline inventory of the current land uses and land-covers for the whole 
of South Africa (it also includes Lesotho and Swaziland) at a scale of 1:250,000. The 
CSIR and the Agricultural Research Council (ARC) of South Africa jointly compiled 
the NLC 2000, mainly for environmental management and resource planning in the 
southern Africa sub region (Thompson, 1996). In the absence of a classification 
scheme to specifically map the Western Cape and the Cape Town area, the NLC 
became the most appropriate guide towards formulating a localized classification 
scheme for the Kuils-Eerste River catchment. The NLC scheme was analysed 
alongside a typical NPS classification scheme that was used during the assessment of 
NPS pollution in Birmingham, United Kingdom (Thomas, 2001). From these 
analyses, a new land use classification scheme, which better identifies land use / land 
cover classes suitable for surface runoff and pollution assessment in the catchment, 
was formulated. Table 3.1 shows the structure of this classification scheme that 
consists of broad level I classes that contain more detailed levels II, level III, etc. sub 
classes that are postulated to have direct significance to runoff generation and 
pollution. 
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Table 3.1. Land cover classification scheme adapted for use in creating a typical land 
use / land cover map for the Kuils-Eerste River catchment area. 
 
1. Forest/Woodland 
 
  1.1. Coniferous forest 
      1.1.1. Mature Coniferous forest (Closed Canopy Wood) 
      1.1.2. Young Coniferous forest (Open Canopy Wood) 
 
  1.2. Deciduous Forest 
      1.2.1. Mature Deciduous 
      1.2.2. Young Deciduous 
 
  1.3. Evergreen Trees 
      1.3.1. Mature Evergreen 
      1.3.2. Young Evergreen 
 
  1.4. Open Forest/Clear Felled 
      1.4.1. Burnt Forest 
      1.4.3. Clear felled 
 
  1.5. Degraded Forest 
 
  1.6. Mixed Forest 
 
  1.7. Forest Plantations 
      1.7.1. Eucalyptus  
      1.7.2. Pine  
      1.7.3. Acacia 
 
2. Grassland 
  2.1. Pasture/Meadow/Natural Grassland 
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  2.2. Recreation Grass/Golf Course 
  2.3. Degraded Grassland 
  2.4. Improved Grassland/Lawn 
  2.5. Parks/Gardens 
  2.6. Playgrounds/Sports Fields 
  2.7. Wooded Grassland 
 
3. Thicket, Bushland, Shrubland/Scrubland 
  3.1. Fynbos 
  3.2. Acacia 
  3.3. Thicket/bushes 
  3.4. Herb land 
 
4. Cultivated Lands/Agricultural/Horticultural Areas 
  4.1. Cultivated Irrigated 
  4.2. Cultivated Non-Irrigated 
  4.3. Cultivated Temporary 
  4.4. Dry land/Fallow land etc. 
  4.5. Orchards 
  4.6. Vineyards  
  4.7. Nurseries 
  4.8. Strawberry 
 
5. Water Bodies 
 
5.1. Inland Natural Water Bodies 
   5.1.1. Rivers/Streams 
   5.1.2. Lakes/Permanent pans 
   5.1.3. Ponds/Pools 
   5.1.4. Estuary 
   5.1.5. Wetland/Temporary Pans 
   5.1.6. Reed Marsh 
   5.1.7. Swamps 
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   5.1.8. Vleis/Shallow lakes 
 
5.2. Artificial Water Bodies 
   5.1.1. Reservoirs 
   5.1.2. Irrigation dams 
   5.1.3. Canals 
   5.1.4. Drains 
   5.1.5. Swimming pools 
 
5. Urban/Built Up Area and Developed Land 
5.1. Residential 
   5.1.1. High Density Residential 
         5.1.1.1. Formal Suburbs 
         5.1.1.2. Flatland 
         5.1.1.3. Formal Townships 
         5.1.1.4. Informal Townships 
         5.1.1.5. Informal Squatter Camp  
 
   5.1.2. Medium Density Residential 
         5.1.2.1. Formal Suburbs 
         5.1.2.2. Flatland 
         5.1.2.3. Residential, Mixed 
         5.1.2.4. Formal Township 
         5.1.2.5. Informal Township 
         5.1.2.6. Informal Squatter Camps 
 
   5.1.3. Low Density Residential 
         5.1.3.1. Formal Suburbs 
         5.1.3.2. Flatland 
         5.1.3.3. Mixed 
         5.1.3.4. Formal Township 
         5.1.3.5. Informal Township 
         5.1.3.6. Informal Squatter Camps 
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5.3. Commercial 
   5.3.1. Commercial Merchantile 
         5.3.1.1. Retail (Supermarkets, Petrol Stations, Building Materials, etc.) 
         5.3.1.2. Wholesale (Warehouses/Depots) 
         5.3.1.3. Services (Finance/Real Estate/Insurance) 
 
   5.3.2. Commercial Institutional 
         5.3.2.1. Governmental/Educational/Medical/Religious) 
         5.3.2.2. Services (Repairs/Automotive) 
         5.3.2.3. Water Treatment/Sewage Treatment 
         5.3.2.4. Hotels/Lodging 
5.4. Industrial 
   5.4.1. Heavy industries 
         5.4.1.1. Chemical; metal; electrical; automotive; PowerStation) 
 
   5.4.2. Medium industries 
         5.4.2.1. Raw material processing and preparation 
         5.4.2.2. Food & drink processing 
 
   5.4.3 Light industries 
         5.4.3.1. furniture/wood processing/warehouse 
5.5. Transportation 
   5.5.1. Railway transport facilities 
         5.5.1.1. Train stations 
         5.5.1.2. Railway lines 
 
   5.5.2. Road transport facilities 
         5.5.2.1. Taxi Ranks 
         5.5.2.2. Bus Stations 
   5.5.3. Airport Transport Facilities 
         5.5.3.1. Airport 
         5.5.3.2. Freight/Cargo/Warehouses 
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5.6. Pavement/Pedestrian Footpath 
   5.6.1. Pavement Brick Surfaced 
   5.6.2. Pavement Concrete Surfaced 
   5.6.3. Pavement Asphalt Surfaced 
5.7. Open Urban Area 
   5.7.1. Public Open Space (for Cultural/Social Events) 
   5.7.2. Cemeteries 
   5.7.3. Construction sites 
   5.7.4. Open Derelict Land (Brown fields) 
5.8. Roads 
     5.8.1. Freeways/Express Roads 
     5.8.2. Arterial Roads/Main Roads/Minor Roads 
     5.8.3. Minor Roads 
 
6. Bare Land/Bare Rock & Soil 
   6.1. Bare Rock & Soil (Erosion: Dongas/Gullies) 
   6.2. Bare Rock & Soil (Erosion: Sheet) 
   6.3. Open sandy area/Barren land 
 
7. Mines/Quarries/Waste Dump Site  
   7.1. Mines & Quarries (surface-based mining) 
   7.2. Mines & Quarries (mine tailings/Waste dumps) 
   7.3. Urban waste dump/landfill 
 
The above land use classification scheme embodies most of the possible land use / 
land cover types that are essential for surface runoff pollution modelling. However, 
the preparation of a detailed land use map from such a land use classification scheme 
having a large number of classes makes data processing a time consuming task. 
3.2.3 Spatial Data Acquisition and Evaluation 
A number of government and commercial organizations were consulted for available 
data. The Geomatics and Storm Water Management Divisions of the City of Cape 
Town provided some spatial data such as the generalized land use map, river network, 
canal network, road network, elevation contours, satellite images and aerial 
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photographs. Further information was obtained from various other sources such as the 
CSIR and the Provincial Government of the Western Cape which included digital 
topographic maps, satellite imageries, aerial photographs and additional feature data 
(point, line and polygon type shapefiles). In order to produce a detailed Kuils-Eerste 
River map suited for the purposes of runoff and pollutant flux modelling, all the data 
procured from the various sources were incorporated using an integrated approach. 
The integrated approach combines the use of various techniques of Remote Sensing 
and GIS to extract Kuils-Eerste River features from existing spatial data, satellite 
images and aerial photographs combining into one final map product. 
 
Some spatial data sets such as roads, railways shapefiles were obtained from the City 
of Cape Town and Provincial Government and they were found to be suitable to use 
in the land use map preparation. Satellite imagery is digital data that is remotely 
captured from platforms that are located hundreds of kilometres above the Earth. 
These images have the advantage of covering an extensive surface area at a time or 
wide surface aerial coverage. They are also periodic, meaning the same surface could 
be captured several times during a year. The principle behind these imageries is that, 
land cover characteristics are recorded as spectral reflectance values in the image. 
 
Digital images consist of an array of discrete picture elements (pixels) or grid cells 
ordered in rows and columns, each pixel having a digital number (DN) that represents 
the intensity of the received signal reflected or emitted by a given area of the Earth’s 
surface. The size of the area belonging to a pixel is called the spatial resolution. The 
image also consists of spectral bands or layers created by the sensor that collect 
energy in wavelengths specific to the electromagnetic spectrum. Therefore, variations 
in the values of the reflected wavelengths therefore, reflect variations on the local 
surface. 
 
Two sets of multispectral satellite imagery were used during the process of production 
of a land cover / land use map for the catchment: Landsat-ETM imagery (2002 
summer scene) and SPOT 5 imagery (2005 summer scene). Landsat imagery is 
acquired by the US (NASA) Satellite Remote Sensing programme. Landsat ETM 
(Landsat Enhanced Thematic Mapper) imagery captured by Landsat 7 sensors that 
have a spatial resolution of 30 metres in all its seven bands (Table 3.2). SPOT 
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imagery is provided by the SPOT (Satellite Pour l’Observation de la Terre or Earth 
Observing Satellites) programme established by France, Belgium and Sweden. SPOT 
incorporates a high resolution imaging instrument. The SPOT 5 imagery has very high 
resolution of 10 m in all 3 spectral bands in the visible and near infra red ranges of use 
in map making (Table 3.3). 
 
Table 3.2. The seven bands of the Landsat7 ETM+ sensor and their Principal 
Applications. 
 
Band Spectral Band Colour Resolution Use
1 0,45-0,515 µm Blue 30 m x 30 m
Soil/plant differentiation, cultural features
coastal zones & forest type mapping
2 0,525-0,605 µm Green 30 m x 30 m
Vegetation discrimination and greenness
assessment, culture features identification
3 0,63 - 0,69 µm Red 30 m x 30 m
Differentiate plant species. cultural feature
identification
4 0,75 - 0,90 µm Near IR 30 m x 30 m
Biomass content, vegetation/soil moisture
discrimination, water bodies delineation
5 1,55 - 1,75 µm Mid IR 30 m x 30 m
Snow/cloud differentiation, vegetation and
soil moisture content
6 10,4 - 12,5 µm
Thermal 
IR
60 m x 60 m
Thermal mapping, vegetation stress and soil
moisture analysis
7 2,09 - 2,35 µm Mid IR 30 m x 30 m
Lithology: discriminate minerals & rocks;
moisture content
PAN 0,50 - 0,90 µm 15 m x 15 m  
Source: http://telsat.belspo.be/bEO/en/satellites/landsat.htm retrieved March 15, 2007 
 
Table 3.3. All the spectral bands of SPOT5. 
Mode Band Colour Spectral band  Resolution 
Multispectral B1 Green 0,50 - 0,59 µm 10m x 10m 
Multispectral B2 Red 0,61 - 0,68 µm 10m x 10m 
Multispectral B3 Near IR 0,79 - 0,89 µm 10m x 10m 
B4 Mid IR 1,58 - 1,75 µm 20m x 20m 
Monospectral B5 Pan 0,51 - 0,73 µm 5m x 5m (or 2.5m x 2.5m) 
Source: http://telsat.belspo.be/bEO/en/satellites/spot.htm retrieved March 15, 2007 
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A SPOT5 summer scene image (2005) was procured from the Western Cape 
Provincial Government office for Environmental Affairs and Planning. This data is of 
higher resolution and in a multi-spectral mode of 10 m for all three spectral bands in 
the visible and near infrared ranges of the electromagnetic spectrum. The SPOT5 data 
set was preferred for further processing to the Landsat7 ETM+ for higher resolution 
quality (10m) because it suits better the purposes of preparing a detailed land use map 
at regional scale basis (small catchment – approximately 660km2) in surface area. In 
addition, the image is relatively more reliable in showing current conditions in the 
study area since it is quite recent (captured in 2005). 
 
3.2.4 Digital Image Processing of Satellite Imagery 
Digital image processing involves the manipulation and interpretation of digital 
images with the aid of the computer (Lillesand, 2004). It involves various steps; the 
major steps used in this study are the following: image rectification, image 
enhancement, image classification and post processing of classified images. 
Image restoration compensates for data errors, noise, and geometric distortions 
introduced during image capture (e.g. the scanning, recording and playback 
operations). Some of the typical routine activities involved include restoring periodic 
lines dropouts, restoring periodic lines stripping, filtering of random noise, correcting 
for atmospheric scattering, and correcting geometric distortions (Lillesand, 2004). 
Image enhancement involves an alteration of the visual impact of the image to the 
improving the information content (Lillesand, 2004). The process typically involves 
routine activities such as adjusting contrasts enhancement, intensity, hue and 
saturation transformations, density slicing, edge enhancement, and making digital 
mosaics, producing synthetic stereo images. 
Image classification (information differentiation) utilises the decision-making 
capability of the computer to recognise and classify pixels on the bases of their digital 
signatures. The analysis involves producing principal component and ratio images, 
multi-spectra classification, and change detection images (Lillesand, 2004). 
Both Landsat and SPOT imagery were subjected to certain image processing 
techniques (rectification, projection changes, clipping and classification techniques) 
within different remote sensing software such as PCI Geomatica, ILWIS, ENVI and 
ArcView Image Analysis. 
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3.2.5 Digital Image Rectification/Orthorectification 
Most of the time, when digital images are procured, they do not possess the 
relationship between the rows / columns or true coordinates (UTM, geographic 
coordinates, or any other reference map projection). In order to use these images 
within a GIS along with other spatial data sets, it is necessary to correct and 
geometrically adjust the images to enable comparable resolutions and projections as 
other data sets. It therefore becomes very essential to convert the image from pixel 
coordinate system to map coordinate system or another pixel coordinate system in a 
process known as rectification by correcting the pixel geometry of the image with that 
of an existing map of that same coverage. In image rectification, a number of control 
points were used to transform the image from a pixel coordinate system to a map 
coordinate system. Orthorectification involves using an elevation layer (Digital 
Elevation Model or DEM) to account for the height difference of surface objects and 
gives best image rectification that do not possess any geometric distortion. The 
orthorectification of the SPOT image was performed using PCI Geomatica software 
with the help of digital topographic maps for ground control points selection and 90 m 
SRTM DEM data. The road network junctions and large building corners obtained 
from topographic maps were used as main control points for georeferencing. At 
various stages during this procedure, care was taken to keep the levels of error in 
linking control points on the georeferenced image to points on the new image by one 
or two pixel distance. These levels of error were expressed by the root mean square 
(RMS) indices of the image processing software. By general procedure it is 
recommended that the RMS values remain below one for the rectification process to 
be qualified as accurate. Around 25 well identifiable ground control points were 
chosen and a final RMS value of 0.6 was obtained while orthorectifying the satellite 
image covering Cape Town. 
 
3.2.6 Digital Image Enhancement 
Image enhancement techniques provide procedures for making a raw image better 
interpretable. In other words, these techniques improve the visual impact of the raw 
remotely sensed data for the human eye. Some image enhancement tools available in 
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ArcView GIS were used to improve the appearance of the image by adjusting contrast 
and brightness and using various contrast-stretch methods such as standard deviation, 
histogram equalization, maximum-minimum, and density slicing. In addition to this, 
selection and de-selection of the different combinations of red, green and blue bands 
of the multi spectral image in the display window using the legend editor tool of 
ArcView’s Image Analysis, revealed different visual results or false colour composite 
(FCC) scenes from the image. A false colour composition that comprised of thermal 
infrared band as the ‘red band’, the near infra red as the ‘green band’, and the red 
band as the ‘blue band’ in ArcView Image Analysis extension was found to be the 
most suitable display option for identifying and discriminating all cultural features, 
vegetation types, non vegetated areas and water features. The results shows the 
various vegetation types displayed in shades of red, urban areas appear cyan blue, 
soils vary from dark to light brown and water bodies and shadow areas appearing 
black or in shades of grey (Figure 3.2). The above band combination has popular use 
in vegetation studies, monitoring of drainage, soil moisture patterns, and various 
stages of crop growth (Meijerink et al., 2007). Generally, deep red hues indicate broad 
leaf and/or healthier vegetation, lighter reds signify grasslands or sparsely vegetated 
areas, and densely populated urban areas occur in the light blue (Meijerink et al., 
2007). A similar version of reflectance response for SPOT5 image will have band 
combination 321 where band 3 (NIR) replaces the red band. Band 2 (Red) takes up 
the Green position and band 1 (Green) replaces the green band positions in natural 
colour image. This band combination gives results similar to traditional colour infra-
red aerial photography. 
 
3.2.6.1 Reflectance response of some ground features 
Water bodies - generally reflect high values. However, the near IR and mid IR regions 
reflect very low values for water because it increasingly absorbs the light, hence 
darker depending upon water depth and wavelength. Increasing amounts of dissolved 
inorganic materials in water bodies tend to shift the peak of visible reflectance 
towards the red region (clearer water) of the spectrum (Lillesand, 2004, Meijerink et 
al., 2007). 
Vegetation - The spectral reflectance is based on the chlorophyll and water absorption 
in the leaves. There are various shades of vegetation based on type, leaf structure, 
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moisture content and health of the plants. In addition, needles have a darker response 
than leaves. 
Man-made materials - Concrete and asphalt display spectral curves generally increase 
from the visible through the near IR and Mid IR regions. However, with age concrete 
becomes darker and asphalt, lighter. 
3.2.6.2 Masking- Selection of a Catchment Boundary Area for Processing 
The satellite imagery that was available extensively covered beyond the boundaries of 
the study area (Figure 3.3). It was an image of the entire Cape Peninsular region and 
the processing of such coverage would have more laborious to the computer software 
taking very extensive processing times to complete or simply crashing the machine. 
For these reasons, the SPOT 2005 image covering Cape Town and Stellenbosch, 
which is a UTM 34S satellite image of the whole southern Cape peninsular sub 
region, was sub-setted / sub-mapped to an area that mainly delineates the catchment 
boundary between the Kuils and Eerste rivers. Sub-mapping involved creating a mask 
of the satellite image using the Image Analysis properties tool in the ArcView Image 
Analysis (extension) to create a mask from the greater SPOT imagery. Hydrologic 
analysis was performed on a digital elevation model of the area and a catchment 
boundary was derived through watershed delineation. A buffer of 500m was added to 
this boundary layer to increase the areal extent of the newly derived catchment. The 
resultant polygon was converted to a polyline feature. The outer polyline was 
exported as a new shapefile polygon feature for use as an analysis extent (yellow line 
feature in Figure 3.3) during the masking procedures in ArcView Image Analysis. 
Using the image analysis properties dialog function, an Analysis Extent was set to suit 
the extent of the resultant image (in this case, SPOTUTM34S of cape region), which 
is automatically assigned as values for the Left, Top, Bottom and Right corners 
display. In addition, an analysis cell size for the subsequent map output is also 
assigned with a grid size is often selected to suit that of the image currently in use. 
The SPOT image used during this procedure had a spatial resolution of 10 m, the 
same cell size value assigned for the out map feature produced resulting in the 
automatic calculation of the number of rows and columns required. At this stage, the 
properties of the analysis mask and path were defined in the computer workstation for 
saving the output. Masking trimmed off the all areas falling outside this boundary and 
retained the enclosed region for further processing. Figure 3.4 is an output image that 
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resulted and then saved as an Imagine (.img) or tiff file format using the “save image 
as” option available in ArcView 3.3’s Theme menu. 
 
Figure 3.2. The False Colour Composite (Bands 1, 2 and 3 as G, R and NIR, 
respectively) combination from a summer image shot from SPOT5 in 2005. Image 
supplied by SAC, CSIR. 
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Figure 3.3. The catchment boundary defined using a shapefile polygon. 
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Figure 3.4. Clipped SPOT5 scene showing the Kuils - Eerste River catchment area. 
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3.2.7 Classification of Satellite Imagery 
Digital image classification is the means through which information on the 
relationship between land cover and measured reflection values from an image could 
be extracted. Three kinds of image classification approaches are available viz. 
Spectral pattern recognition, Spatial pattern recognition and Temporal pattern 
recognition (Lillesand, 2004). The purpose of digital imagery in this study is for land 
mapping and only the spectrally oriented classification procedures were considered. 
Two examples of this approach are supervised image classification and unsupervised 
image classification (Lillesand, 2004). Supervised classification involves using 
samples of known identity (training samples) to classify pixels of similar 
identity/digital numbers while unsupervised classification involves the identification 
of natural groups, or structures within multi-spectral data by the algorithms available 
in the remote sensing software. For performing supervised classification, the software 
relies on the stored memory of features or pixels from previous work (a phenomenon 
called “training”) to identify similar pixels throughout the image during the 
classification procedure, based on clusters of homogenous pixels to designate a 
particular ground feature. Therefore, identification of similar pixels in the image 
becomes automatic based on the existence of similar ground surface features. 
However, prior knowledge of the area of interest is very vital, hence in this particular 
study, vital knowledge of the catchment was acquired through many ground-truthing 
field trips conducted. On the other hand, when using unsupervised classification, there 
is no need to identify training sites of the area under study. Instead, the operator 
specifies a number of categories desired and the software classifies the image data 
into a number of most probable groups of likely similar pixels that correspond to the 
number of categories stated earlier. Nonetheless, both the supervised and the 
unsupervised methods of digital image classification have their advantages and 
disadvantages over each other. 
 
In this study, the supervised classification approach for classifying the imagery 
required the prior generation of suitable training sites through the digitization of 
known features that represented the classes required. The process involved acquiring 
the Landsat ETM imageries in 2002 and SPOT5 in 2005 followed by rectification and 
enhancement using ArcView Image Analysis tools. Thereafter, aerial photographs 
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were displayed that helped to identify the most of the required land use classes. 
Topographic sheets of the region were consulted where visual interpretation of a 
feature was not clear on aerial photography and local knowledge of the area also used 
for visual interpretations. 
 
Once representative classes are identified, training sites for these classes are created 
through manual digitisation. As planned in the beginning, the supervised approach 
was selected for image classification, and a set of training sites were selected 
following the land use classification scheme that was generated earlier as a guide to 
identify the class level from which these land use features would be selected. Trial 
classification runs using the supervised approach (classifier algorithms) were 
performed on both Landsat and SPOT scenes using ENVI and ILWIS software. 
Ground truthing showed that the results from these trials were inaccurate. A number 
of pixels were found to be wrongly classified, i.e. these pixels portrayed some features 
in regions where they were not supposed to occur. For instance, most high density 
residential areas revealed similar spectral reflectance similar to water features on the 
map; some residential areas appeared on the mountainous outcrop possibly because of 
the effect of shadows which have a similar spectral reflectance value as residential 
areas. Furthermore, some agricultural crop plots could not be differentiated clearly. 
 
To solve the problem of insufficient spectral differentiation of the image, a more 
integrated approach of image classification was used. The alternative approach 
involved the use of both supervised and unsupervised methods to select individual 
thematic layers or single land use features and adding to other correct existing land 
use classes detected by the previous classification attempts. 
 
As such, using the ‘Categorize’ menu/method in ArcView Image analysis extension, a 
categorisation of the pixel values in different satellite bands was carried out which 
resulted in a single layer thematic grid data layer having specified number of land use 
classes. The categorisation process in ArcView Image Analysis extension employs an 
unsupervised approach using the Iterative Self-Organizing Data Analysis (ISODATA) 
technique (ESRI, 1998). 
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The supervised approach was later used to correct all the errors that occur in terms of 
inappropriate display or assigning of spectral values to certain thematic layers. The 
problematic layers were selected using the ‘Find Like Areas’ algorithms in ArcView 
Image Analysis extension, which is a parallelepiped classifier. Thus, a Seed tool is 
used to create a polygon-like graphic, which identifies areas with similar 
characteristics in the image. The ‘Find Like Areas’ command was later applied on the 
imagery by which all pixels having similar DN values/ranges were identified from the 
whole imagery based on the values or ranges identified under the newly created 
polygon graphic, regardless of location in the image. 
 
The above techniques were applied on both Landsat ETM (2002) and SPOT5 (2005) 
images. The two results were compared through visual inspection with available 
ground truths. The results revealed errors in the classified image obtained from 
Landsat image. The classified layer derived from SPOT5 image is was later preferred 
to the Landsat image because it is having better resolution (10m) and is also a more 
recent image that would better reflect current land cover / land use trends in the 
catchment. 
 
3.2.8 Post Processing of Classified Image (Speckle Removal and Merging 
Classes) 
All the thematic layers accumulated by means of unsupervised and supervised 
classification algorithms were saved as tiff file format and then converted into grid 
file format for a final merge with other previously extracted map features. All the 
classified layers and the other subsequently identified thematic layers in grid forms 
were merged into one Kuils-Eerste River grid map. 
 
After applying the classification algorithms to the satellite images, it was found that 
pixels from the same ground surface feature were erroneously classified as different 
features. These pixels have been termed as problematic pixels/layers. These 
pixels/layers were eliminated by simply regrouping the problematic pixels through a 
merging-routine. Problematic layers which could not be properly distinguished during 
the classification processes were merged to adjacent pixels within the same surface 
feature boundary. This procedure was done using the ‘merge’ request and ‘Con’ 
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request in the Map Calculator interface of ArcView Spatial Analyst extension. In 
doing this, individual grid codes were assigned to each layer and these codes noted, as 
the noted codes later formed the basis through which these layers would be identified 
after the merging. 
The Avenue syntax for the Con request is expressed in the ESRI online help menu as 
follows: 
 
aGrid.Con (yesGrid, noGrid) 
 
For a cell in a grid, this request returns the value found in yesGrid if aGrid is non-zero 
(TRUE), otherwise it returns the value found in noGrid. For instance the layers with 
grid cell value 6 in it (data layer 6 ‘commercial and industrial units’ in the classified 
image) were merged into cells having values 2 as follows: 
([landuse12cls]=6).Con(2.AsGrid, ([Landuse12cls]) 
 
The classified output contained island pixels or speckles that appeared as isolated 
pixels within the class surrounding them. The appearance of island (speckle) cells can 
be minimised through the majority filtering technique using GIS or remote sensing 
software.  After eliminating all problematic spectral regions and layers, a Majority 
Filter request was applied on the merged grid map for minimising the speckled 
appearance of the data through the elimination of island pixels. At the end of this 
process a total of 23 land use grid classes were generated. The ReClass command in 
ArcView Spatial Analyst extension was used to reclassify the resulting land use grid 
map into a new land use grid with a corresponding number of grid layers that would 
have all these cell values in sequence. The various thematic layers were later 
identified, labelled or assigned land class names using information obtained from 
ground truthing, and other reference spatial data documents like topographical maps, 
aerial photographs and the Cape Town and Peninsular Street Guide document. 
 
3.2.9 Extraction of Other Features to Complete Land Use Map 
Image classification alone could not be used successfully to identify all the features 
that constitute the catchment area. Some of the linear features (such as minor roads 
and railway lines) were too narrow to group because the spatial resolution of the 
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image (10 m) was higher than the size of these linear features (e.g. most minor roads 
measure approximately 6 m in width). Other features such as industries and residential 
settlements were difficult to differentiate through spectral classification due to their 
diverse spectral characteristics. 
3.2.9.1 Extraction of Industrial, Commercial and Residential Features 
The different residential areas, industrial areas, commercial areas (institutional or 
mercantile) and most recreation areas that were identified in the image through visual 
interpretation drawing from prior knowledge in their individual spectral responses to 
various light bands in the electromagnetic spectrum. In addition, aerial photographs, 
topographic sheets that cover the area and prior knowledge of the area were other 
resources that were also used to identify land covers. Such land cover features were 
each manually digitised by drawing polygons along their boundaries (boundary-
editing). This was done using the Draw tool in ArcView. The resulting polygon 
features were saved as shapefiles in ArcView and were converted into raster grid 
raster files. 
 
Figure 3.5. Arterial Roads, Freeways/Expressways, Minor roads, Industrial and 
standard railway lines that were manually digitized in ArcView. 
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3.2.9.2 Extraction of Water bodies 
Water bodies were identified by performing a supervised classification approach 
using the ‘Find Like Areas’ command on the SPOT2005 NDVI image of the area 
(ESRI, 1998). The NDVI index values range from -1 to +1 and within this range 
water features reflect the least values as compared to all other features in the image. 
Water is assumed the most of the darker features facilitating detection, elimination or 
differentiation from all cultural features. Using the NDVI vegetation index approach, 
the above algorithm clearly identified water bodies in ArcView and the resultant 
feature layer was saved as a shapefile layer. Water body polygons and other polygons 
generated were edited in order to remove unwanted polygons and were later converted 
into a grid layer in ArcView. 
 
3.2.9.3 Extraction of Line Features 
The linear features such as the roads, railways and rivers were converted into polygon 
features using the buffering technique in ArcView. Different buffering distances were 
identified by measuring the road widths of different road types that exist in the study 
area. Similarly, a unique buffer distance of 10m was chosen for buffering railway 
lines and major river channels. The polygon width attained had a minimum width of 
10 m to enable the final grid to have 10m grid cell size. All these buffered polygons 
were converted into grid layers by choosing a grid cell of 10m and assigned 
appropriate cell values for each layer using the reclassify command. 
 
3.2.9.4 Extraction of Roads Features 
The data obtained from the provincial government of the Western Cape (PGWC data) 
had all the roads represented as single polylines features in shapefile format. The road 
features in the PGWC data were classified variably. The layer was clipped with the 
catchment boundary layer and saved as ‘Roads Kuils_WGS84_clip’.shp. Thereafter, 
the different road types were reclassed. This procedure was carried out as follows: 
E.g. using the ‘Select by Query’ tool, N1 and N2 were selected in the field TAG 
which contained the names of all existing roads. A ‘Calculate field’ option was used 
to assign the common name to the selected features in the TAG field, (i.e. ‘N1’, ‘N2’ 
renamed as “Freeway/Express Roads”). Similarly, Arterial roads and main roads 
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under FEAT_TYPE field were assigned the new name, “Arterial Roads” while ‘Other 
access ways’, ‘secondary roads’, ‘track footpaths’, ‘streets’, ‘on, and off ramps’ were 
renamed as “Minor Roads”. 
 
The data obtained from the Provincial Government of the Western Cape consisted of 
roads line data showing the freeways/express ways as single features, whereas in 
reality, these are multiple-lane roads with double carriage ways, which convey traffic 
in opposite directions. However, these major roads vary in width at various segments, 
making it irrational to assign a unique buffering width to the freeways. The following 
methodology was used to capture these complex road features. Firstly, both carriage 
ways of the major road were drawn as single line features. Then using the measure 
tool in ArcMap, the combined width of both carriage ways of the freeways was 
measured from aerial photographs. The road measurements acquired were then used 
to consider a buffering width for the line features in the roads layer. This approach 
was an attempt to closely represent the extent of the road surfaces cover in the 
catchment. Furthermore, attempts were made to represent the complexities of these 
major roads. The width of the roads was measured at various segments and the 
dimensions were used to categorise the roads. In the end, a polygon buffer of varying 
thickness was achieved for the major roads. 
 
3.2.9.5 Extraction of Railway Tracks / Railway Yards 
The rail line layer in the PGWC data consisted of three feature categories: - Standard 
Gauge, Narrow Gauge, and Station Buildings categories. The standard gauge (1.435 
m wide) and the narrow gauge (0.61 m wide) are the two rail line types of greater use 
in South Africa. Narrow Gauge lines are too few and these lines are seldom utilised. It 
was assumed that the potential of both the narrow gauges and the station buildings to 
runoff generation and their contribution to pollution was relatively minimal as 
compared to highly utilised standard rail lines. The entire rail network in the study 
area was subsequently assigned a unique range which was the same as the width of 
the of the standard gauge line. Another assumption was that all the rail tracks consist 
of two tracks, lain alongside each other. It is expected that these doubles lanes convey 
traffic in opposite directions. Railway lines were reclassified as ‘Standard’ railway 
lines and were considered to have a unique width of 1.4 m. The re-classed layer was 
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then clipped with the Kuils-Eerste River catchment boundary layer to limit the layer 
data to the study area. A buffer distance of 1 m was assigned to both sides of each of 
the tracks on the railway. This distance was intended to accommodate the extent of 
the lines embedded with angular granite pebbles which are meant to stabilise the rail 
structures. These pebble beds were so considered because they afforded a very 
efficient route for moisture infiltration. Each rail tract then had a total width of 3.5m 
(i.e. 1.4m+1m+1m) and the resultant rail polygon had a width of 7 metres as in figure 
3.6 below. 
 
 
 
 
 
The resultant shapefile polygons were converted to raster grid format using feature 
conversion tools in ArcView’s Spatial Analyst extension. The following was carefully 
followed during this process: An analysis mask was not assigned; The railway grid 
output was assigned the same coordinate system as the input vector layer (WGS84 
1m 1.4m 1m 1m 1m1.4m
7m 
One standard track (fro) One standard track (to) 
Pebble 
Figure 3.6. Diagrammatic representation of the two tracks on an ideal rail
line. Diagram not drawn to scale. 
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Universal Transverse Mercator); the spatial extent for processing defined as the 
catchment boundary extent (Top: -3742549.608525m; bottom: -3772780.904553m; 
left: -38060.880054m; right: 1318.916975m). The grid cell size of 10m was assigned 
to the resulting raster layer even though the actual maximum for rail buffers was only 
7m. The grid size of 10m conformed to the grids of all other raster layers. 
Furthermore, a grid cell size of less than 10 m could not be considered because it 
would likely result in lengthy processing periods or total programme failure at later 
modelling stages. 
3.2.9.6 Extraction of Rivers 
In the provincial government data, water features such as rivers and canals were 
represented as open channel ways in a layer called rivers. Some of these lines were 
open-ended line features, which resulted in a problem on attempting to convert them 
into polygon features. The buffering technique gave results that generated buffers on 
either side of the lines, which of course made the results unacceptable. The problem 
was resolved by manually reconnecting the broken line ends along the entire line 
features in the layer by activating the editor tool to edit the river layer using the 
Snapping, and Rectify/Modify tools in ArcMap. After attaining a satisfactory 
continuous line layer, a unique buffer distance of 5m was assigned to edited river 
network to allow a minimum width of 10 m for all the river buffers although the width 
varied (sometimes higher or lower) along different segments of the rivers as in Figure 
3.7. 
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Figure 3.7. Map illustrating the river network and river polygons features. 
 
 
3.2.10 Final Merging of All Layers 
In the end of all the data processing, a total of thirty-six (36) land use and land cover 
features were generated after applying classification (supervised and unsupervised), 
manual on-screen digitisation and processing of shapefile data acquired from other 
sources. This formed the final database from which the final land use map for the area 
can be generated. But since the generation of this land use database was in different 
formats and compiled from different sources at also varying scales, a rigorous data 
integration effort was necessary to improve data consistency and quality. The land use 
class layers obtained from the SPOT satellite image were in UTM Zone 34 South 
projection and other vector layers obtained from other data analysis and data sources 
(e.g., City of Cape Town) were in a different projection (WGS 1984). Therefore 
before the final merging, the grids obtained from other means (digitisation from aerial 
photographs and buffered polyline vector layers) were re-projected to the projection 
of the satellite image. Each re-projected grid layer was merged with the grid layer 
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generated from the satellite image using the merge command or Con request of 
ArcView Spatial Analyst extension. Finally, the grid code values were assigned the 
correct land use / cover class identities in the attribute table. The final land use grid 
having 36 Kuils-Eerste River classes were finally achieved (Figure 3.8 and 3.9). 
 
The area statistics of each land use / land cover unit is illustrated in Table 3.4. From 
the table it is evident that vineyards constitute over 35% of the total area followed by 
Fynbos (indigenous vegetation) (12.48%), open hard rock area (5.83%), riparian 
forest (5.21%), mountain forest (4.98%), scrubland (4.38%) and improved grassland 
(3.61%). The residential area is around 14% only. Roads contribute 3.36% of the total 
area. 
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Figure 3.8. Land use / land cover Map for the Kuils - Eerste River Catchment Area (prepared using an integrated approach). 
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Figure 3.9. Detailed view of land use map of the Kuils-Eerste River Map. 
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Table 3.4. Total area and percentage area of land use / land cover units in the Kuils-
Eerste River catchment. 
Class No. Land use type Cell Counts Area (m2) % Area 
1 Mountain Forest 324131 32413100 4.98 
2 Riparian Forest/Natural Forest 339056 33905600 5.21 
3 Dense Scrub 284897 28489700 4.38 
4 Fynbos 812843 81284300 12.48 
5 Grassland 115790 11579000 1.78 
6 Impervious Surface 41335 4133500 0.63 
7 Railway Line 8649 864900 0.13 
8 Bareground/Impervious Surface 35773 3577300 0.55 
9 Bare Rock  36133 3613300 0.55 
10 Open Vineyard/Coarse Rock Pebbles 379872 37987200 5.83 
11 Open Area/Barren Land  116675 11667500 1.79 
12 Improved Grassland/Vegetable 234823 23482300 3.61 
13 Buildings/Impervious 49299 4929900 0.76 
14 Dense/Grassy Vineyard 1329204 132920400 20.42 
15 Fallow/Open Vineyard 937630 93763000 14.40 
16 Recreation Grass/Golf Course 23781 2378100 0.37 
17 Freeways/Express Ways 5206 520600 0.08 
18 Arterial Road/Main Road 23538 2353800 0.36 
19 Minor Roads 189969 18996900 2.92 
20 Sandy 59206 5920600 0.91 
21 Waterbodies 73820 7382000 1.13 
22 HDR* Formal Suburb 94178 9417800 1.45 
23 MDR* Formal Suburb 455611 45561100 7.00 
24 LDR* Formal Suburb 93700 9370000 1.44 
25 HDR Formal Township 217399 21739900 3.34 
26 MDR Formal Township 34738 3473800 0.53 
27 LDR Formal Township 236 23600 0.00 
28 HDR Informal Township 9861 986100 0.15 
29 MDR Informal Township 6701 670100 0.10 
30 MDR Informal Squatter Camps 14990 1499000 0.23 
31 LDR Informal Squatter Camps 4280 428000 0.07 
32 Commercial- Mercantile 12426 1242600 0.19 
33 Commercial- Institutional 14365 1436500 0.22 
34 Industrial 115054 11505400 1.77 
35 Cemeteries 2091 209100 0.03 
36 Rivers 13572 1357200 0.21 
  Total 6510832 651083200 100 
* HDR=High Density Residential; MDR=Medium Density Residential; LDR=Low Density Residential 
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3.2.11 Accuracy and Evaluation of Results 
The preparation of the Kuils-Eerste River land use/cover map involved the use of 
remote sensing and GIS techniques which made use of multiple source digital data 
and other ancillary data sources supported by local knowledge of the area. The quality 
and accuracy of the output map will therefore be dependent on the quality and 
accuracy of the input data. Because of this above fact, absolute care was taken to 
select the most accurate input data available. For instance, all the sources that were 
consulted for these data sets are accredited data distributors who perform high levels 
of data pre-processing and quality check before letting to the public for use. However, 
data layers that were deemed not suitable for use were duly eliminated or improved 
upon at certain instances. 
 
The processing of data for the production of the detailed land use / land cover map for 
the Kuils-Eerste River area started in the year 2006 and great effort was made to 
acquire the most recent imageries at very good spatial and spectral resolutions. A 10m 
resolution multispectral image captured by SPOT5 satellite in November 2005 was 
the closest in time that could be procured. The latest products of topographic map 
sheets of 1:50,000 scale (large scale map) were employed during ground truthing. 
Equally, Garmap digital maps that are integrated in GPS devices served in the ground 
truthing process or evaluation of the final Kuils-Eerste River map. A general check of 
the output and available ground truthing data showed a perfect overlap confirming the 
judgements on grouping different land use / land cover units and the maximum 
accuracy during manual digitisation. A few field trips were conducted for identifying 
training sites and the ground truth data collected were compared with the image 
classification results. 
 
A map accuracy check was performed using 98 randomly selected sampling points 
and identifying the ground truth information for the sample points, which were later 
displayed in ArcMap as an event layer. An error matrix was created using the ground 
truth information collected and map data information obtained from the table. The 
overall map accuracy or total map accuracy was calculated and an overall accuracy of 
91% was obtained for the whole map from this exercise. The Kappa value (coefficient 
of agreement) for the final map as a whole was also calculated which came to 0.89683 
(which means that the total map accuracy is 89.68 %). 
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3.2.11.1. Procedure of Map Accuracy Estimation 
The accuracy estimation was performed using 200 randomly sampled points 
generated in Excel spreadsheet using the Analysis ToolPak extension. Minimum and 
maximum values of x and y coordinates of the land use map were identified using 
ArcMap and using these values as a range, random data points for 200 locations were 
generated (because there were thirty six land use classes and hoping that each class 
will have at least one accuracy check point) and displayed in ArcMap as an event 
layer (by adding the table as XY data). It was noticed that only 98 samples fell within 
the catchment boundary and 24 land use / land cover types were represented from the 
98 locations identified. The event layer of sample points falling inside the catchment 
was exported as a shapefile and an additional field (value) created with a value of one 
given to all data points of accuracy check.  The ground truth information for the 
selected sample points were identified through field visits conducted for accuracy 
check and previous ground-truthing. The new point data shapefile, the land use map 
and the ground truth information were also converted into raster layers/grids. Using 
the Raster Calculator in Spatial Analyst extension the raster accuracy check point 
location layer was multiplied by the land use grids and thus two grids of accuracy 
assessment data were created. The raster data accuracy check points extracted from 
the land use map was multiplied by a factor of ten and this grid was added to the 
raster data accuracy check points extracted from ground truth layer (in raster form) 
and this operation done in Raster Calculator gave a new grid. The values of this grid 
showed the ground truth information and also the map data class. The attribute table 
was exported as dbf file and displayed in Excel. An error matrix was created using the 
ground truth information and map data information obtained from this table and the 
overall map accuracy was calculated for the whole map. The overall or total map 
accuracy was calculated by dividing the total number of correctly classified sample 
points by the total number of sample points chosen for accuracy estimation. 
3.3 Conclusion 
A detailed land use/ land cover map containing 36 classes that could be used for 
assessing non-point source pollution was generated trough an integrated approach 
involving use of remotely sensed data and further GIS analysis. The final land use / 
land cover map that was generated reflected the very complex land cover character of 
the catchment. It extends from urban and suburban settlement plus industrial and 
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commercial activities in the west through extensive open agricultural fields, mainly 
vineyards in the central parts of the catchment, to mainly forest tree plantation and 
naturally vegetated areas in the eastern section of the catchment. The relief is 
generally flat in the western part of the catchment changing to gently undulating hills 
around the centre to extremely rugged relief with very high mountain ranges in the 
eastern part. One should take into consideration that, due to both human errors and 
computer software limitations or shortcomings, there would certainly be some 
misjudgements in the assigning of certain identities to certain land classes. 
The 36 land use/covers identified in this chapter were considered as the potential 
sources of surface runoff and NPS pollution. These different land uses contribute 
variably to surface pollution. The next chapter describes in detail the methodology 
used to generate a data base of event mean concentration values for the catchment. 
The methods used during surface runoff sampling and the results from the statistical 
analysis that were undertaken during the process would be discussed. 
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CHAPTER  4 GENERATION OF EMC DATA BASE FOR 
KUILS RIVER CATCHMENT 
4.1 Nonpoint Source Pollution in Surface Water 
Water is an excellent solvent and also transport medium for particulates, and as such 
tends to become contaminated both by natural processes such as erosion and 
dissolution of salts geologically present in soils, as well as by man-induced processes 
and waste (DWAF, 2002b). Urban surface water can become contaminated by a host 
of substances, including: physical soil clay particles and organic detritus from storm 
runoff; micro-organisms (pathogens); chemical constituents (inorganic chemical salts 
such as sodium, chlorides, ammonia or phosphates and organic substances such as 
pesticides residues, oil, grease, etc); and radioactive substances, etc (US EPA, 1983). 
 
The estimation of NPS pollutants in surface runoff and recharge is based on land use 
related event mean concentrations (EMC). The Event Mean Concentration 
(sometimes referred to as the Expected or Estimated Mean Concentration) is the flow 
weighted average of a constituent concentration and is reported in units of mg/L. 
EMC is computed as total constituent mass M discharged during an event divided by 
total volume V of discharge during the event (Chow and Yusop, 2008). The above 
relationship for EMC is mathematically expressed in Equation 4.1. 
∫
∫==
dttQ
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V
MEMC
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)()(
       Equation 4.1 
Where C(t) is constituent at time t and Q(t) is storm water discharge at time t. M and 
V are pollutant mass and runoff volume during the storm event. The EMCs may be 
varying from storm to storm and from site to site. The median or 50th percentile EMC 
at a site, estimated from a time series of the type, is called the site median EMC. 
When site median EMCs from different locations are aggregated, their variability can 
be quantified by their median and coefficient of variation to achieve an overall 
description of the runoff characteristics of a constituent across various sites. 
 
EMC data pertaining to the Kuils River catchment land uses are not currently 
available and hence typical EMC values for identified land use classes need to be 
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generated. It is essential to have a typical EMC data base for the Kuils River 
catchment that could be used for modelling NPS pollution, model calibration and 
validation. The EMC data base would be achieved by sampling of surface runoff 
water at fixed intervals during storm events and then analysing the collected water 
samples for their chemical constituents or water quality parameters such as nitrates, 
chlorides, total phosphorus, total nitrogen, biochemical oxygen demands (BOD) and 
faecal coli forms (E.coli, total suspended solids, etc). Table 4.1 shows the sources and 
examples of such pollutants in urban storm water runoff. Later on flow weighted 
averaged concentrations of these constituents in runoff would then be determined.  
 
Table 4.1. Table showing pollutants of concern in urban storm water runoff. Source: 
WRC & DWAF, 2006. 
 
Pollutant Source1 Examples
Heavy metals ·  Transport
Cadmium, Cobalt, Chromium, 
Copper, Iron  Manganese, Nickel, 
L d Zi·  Transport. Oil, petrol, grease
·  Roadsides, homes, golf courses, 
cemeteries, and public parks.
Pesticides
·  Sewage from leaks, inadequately serviced 
areas and illegal connections.
·  Pets and wild animals, for example, bird 
life in parks.
·  Sewage from leaks, inadequately serviced 
areas and illegal connections.
·  Fertilisers used at home and on golf 
courses, cemeteries, and public parks.
·  Decaying garden refuse.
·  Pets and wild animals, for example, bird 
life in parks.
·  Burning of fossil fuel.
·  Road sides, homes, golf courses, 
cemeteries, and public parks,
Grass clippings, fallen leaves, human 
and animal waste
·  Transport Hydrocarbons
·  Sewage from leaks, inadequately serviced 
areas and illegal connections.
Human waste
·  Inadequately maintained gardens. 
Unpaved roads.
·  Construction sites.
·  Cations: Sodium, calcium, 
magnesium and potassium
·  Anions: chloride and sulfate
·  Inadequate street cleansing.
·  Accepted social behaviour.
Organic chemicals
Pathogens Viruses, bacteria, protozoa
Nutrients Nitrogen, phosphorus
Aesthetic Litter, illegal dumping
1: Industry is a potential source of all pollutants listed.
Biochemical/ chemical oxygen 
demand (BOD/COD)
Total suspended solids (TSS) Sand, soil, and silt
Total dissolved solids (TDS)
·  Mining (including abandoned and 
derelict sites in urban areas)
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4.2 Surface Runoff Sampling and Quality Assessment 
 
Continuous water quality data accumulated from the analysis of surface runoff is a 
major input that is required in pollution modelling in order to estimate the potential 
volume of pollution in a study area. Such data can be collected for a continuous 
period of time and then it is incorporated in a Nonpoint Source model to simulate the 
contribution of Non Point Sources of pollution to the pollutant load or general water 
quality in the Kuils-Eerste River catchment. Surface runoff sampling in the Kuils-
Eerste River catchment had started in June of year 2006 and continued through the 
year 2007 during which surface runoff water from different Kuils-Eerste River types 
was collected and analysed for selected water quality parameters. The procedure of 
sampling was mainly grab sampling of surface runoff with the use of plastic scoops 
and collected into either 1L or 250ml bottles. Specific land use covers like residential 
areas, parking areas, streets and roads, farming areas were targeted and sampled at 
random during storm events so as to achieve extensive coverage of the area under 
study. 
 
4.2.1. Sampling Tools and Field Equipments 
A number of different sampling procedures as well as analytical procedures can be 
considered. When sampling surface runoff, due to the fact that the constituents in 
storm runoff vary in nature during the rainfall event. The quality of the storm runoff 
and the logistical needs for sampling will be different for industrial and municipal 
waste. The following sections include a detailed description of the methods that were 
used during surface runoff sampling during storm events in the vicinity of the study 
area. 
 
A number of pre-sampling procedures were carried out prior to the actual runoff 
sampling activity. These include the following: 
In order to be acquainted with sampling procedures in the field, trial sampling 
exercises were carried out in the UWC campus vicinities. The members of the 
sampling team were given training in the procedures and techniques of sampling 
 
 
 
 
 71
during a storm event. They were however, closely monitored during their first proper 
sampling in the field to avoid contamination and possible misconduct when sampling. 
 
A number of sites within the catchment that are in proximity with the university were 
assessed for their suitability as potential runoff sampling locations. Generally, such 
sampling points are expected to generate runoff when it rains and they should be 
located at points where samples could also be collected. Sampling sites were carefully 
selected so that selected sites are representative of all the land uses and land covers 
that exist in the catchment. A motor vehicle was used to facilitate navigation to all 
parts of the catchment. During such trips to the field, a number of navigation aids 
were used such as GPS, cadastral maps of the area, street guides as well drawing from 
previous knowledge of the area. 
 
Efforts were also made to familiarise with local weather conditions and rainfall 
patterns in the catchment area and the surroundings regions. The South African 
Weather Service website and local radio and television media forecasts were 
constantly monitored in order to be informed of any approaching storm events in the 
catchment area. 
 
A number of tools were procured for use in the field during storm events. These tools 
included: Scoops that would be used to fetch the runoff and pour into sample bottles; 
rain gauges that would be placed on site to measure the amount of rainfall that 
occurred during measured time intervals (intensity); Sample bottles / containers to 
collect the samples that are collected; storage box in which the samples that are 
collected are temporarily preserved before and while being conveyed to the analytical 
laboratory; Protective gear which included rain suits, boots and hand gloves were also 
assembled to help protect sampling personnel from the cold and wet conditions; A 
portable pH and Electrical Conductivity meter was also procured to measure physical 
parameters like temperature, pH and Electrical Conductivity (EC) while still on the 
field site. 
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4.2.2. Type and Technique of Surface Runoff Sampling 
The following section discusses the types of samples that could be collected in a 
runoff sampling campaign and some of the techniques that could be used to collect 
different sample types. Sample type refers to the kind of sample that could be 
collected. Samples could be collected as either grab samples or as composite samples 
during surface runoff sampling. A grab sample is a discrete individual sample taken 
within a short period of time (usually less than 15 minutes). Such analyses reflect the 
quality of a discharge at a given time of runoff event. On the other hand, a composite 
sample is a mixed or combined sample that is formed by combining a series of 
individual and discrete samples of specific volumes at specified intervals. According 
to the storm water regulations of the United States, it is required that composite runoff 
samples should be collected as flow weighted samples. The sample types were 
collected in accordance with requirements stated in the United States Environmental 
Protection Agency regulations 40 CFR 122.21 (g)(7) and 40 CFR Part 136 which 
stipulate which pollutants should be analysed by either grab sampling or composite 
sampling. According to the above regulations, grab samples must be used when 
analysing for pH, temperature, residual chlorine, etc. This is because these parameters 
have the tendency to transform to different substances or change in concentration after 
a short period of time especially in the presence of other reactive pollutants. 
According to the 40 CFR Part 136, most pollutants could be collected by either 
manual or automatic techniques but for the volatile organic compounds (VOC) 
because such samples will definitely volatilize as result of agitation during the 
collection process. It is further recommended that when collecting VOCs, the sample 
bottles should be filled till the upper meniscus is seen and tightly corked to prevent 
any air from spaces. 
 
4.2.3. Analytical Methods used in Sample Analysis 
This section deals with an introduction to all the analysts involved in this research and 
also a brief summary of some analytical procedures that were used by these analysts 
to analyse for selected water quality constituents. During the initial stages of the 
research a couple of analysts were consulted and based on the results which were 
received from these tested facilities, only one of them was selected for the analysis of 
the rest of the samples. 
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At first some analysis were carried out in the laboratories of the Earth Science 
Department at the University of the Western Cape through the use of the 
Spectrophotometer. This portable field lab kit comprised of HACH Sension probes 
and a portable spectrophotometer (HACH kit DR/2400). The various analytical 
methods that were applied to selected water quality parameters were viewed from the 
HACH manual booklets. It was realised that these methods were greatly limited in 
their performance in terms of their very limited detection ranges and also due to the 
difficulty in accessing most of the reagents that were required for all analysis 
involved. Attention was later turned to the analytical laboratories of the scientific 
services departments of the City of Cape Town City Council. The results obtained 
from here were extremely reliable; however, due to insufficient accommodation in 
these facilities, Bemlab laboratory was approached as a third alternative. Bemlab is an 
accredited analytical laboratory based in Somerset West on the outskirts of Cape 
Town. Consequently, a majority of the sample aliquots that were collected during the 
entire surface water sampling task in this study were deposited at this laboratory. 
Water analysis in this laboratory include a full chemistry of samples but for the 
purposes of this research, only nitrates, phosphates, CODs, DOs, TSS, and chlorides 
contents. 
 
The determination of ammonium nitrate in water samples was performed using the 
auto analyser. The lower limit of detection in this procedure is 0.039mg/L, the lowest 
quantifiable concentration is 0.13 mg/L and the uncertainty of measurements is stated 
at 7.9%. The operating criteria for this procedure were followed from the instructions 
in BWI/G08 to analyse the auto analyser and analyse data. The determination of 
Chemical Oxygen Demands (COD) in waste water samples was performed using the 
spectrophotometer. The procedures followed in this analysis were followed from 
Clesceri, Greenberg and Eaton (1998) and Merete Grung (2001). The range within 
which results from the analysis were available was between 500 to 10,000 mg/L O2 
and the uncertainty range in these analyses is rated at about 1.7 %. 
In the analysis of chlorides in water samples, the measurement scope of the method 
was given at 1.72 and 5.15 mg/L for the LLD and the LQC respectively. The 
estimates of uncertainty in these measurements are rated at 4.1%. The results for the 
analysis of chlorides are obtained from a titration of a volume of water sample with a 
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standardised solution of Silver Nitrate using Potassium Chlorate to indicate a brown-
red endpoint. 
The determination of nitrate-nitrogen (NO3-N) concentrations in water samples was 
performed using the cadmium reduction method with an auto analyser. The lower 
limit of detection is 0.08 mg/L, the lowest quantifiable concentration is 0.27 and the 
uncertainty of measurement using this method is rated at 3.2 %. 
 
4.2.4. Sampling Procedures Used in the Field 
This section discusses procedures that were used during surface runoff sampling in 
the field. Manual grab sampling technique was used generally through out the 
sampling exercises in the field. Navigation to the sampling sites was facilitated by use 
of a van, GPS tools and maps. Field workers were equipped with protective gear, a 
scoop to collect the running water and sample bottles to store samples in them. During 
a fine day of rainfall, i.e., when rainfall occurs during the day time in sufficient 
amounts to cause runoff, the entire sample was collected at an uninterrupted interval, 
i.e. grabbed at one time without interruptions. Prior to collecting any sampling in the 
field, the bottles were properly labelled before collecting samples. The field van also 
served as an onsite temporary laboratory (shade) during the measurement of physical 
parameters (Figure 4.1). To collect the grab sample, a scoop was placed against the 
flow of the water (Figure 4.2). Care was also taken to avoid picking up suspended 
detritus to include in the sample aliquot. After collecting the sample aliquot in the 
sample bottle, the physical parameters like pH, temperature and EC are measured as 
quickly as possible while still at the sample site after which the sample bottle was 
tightly corked and placed into a sample box for temporary storage en route to the 
laboratory. 
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Figure 4.1.  Labelling of sample bottles before collecting runoff samples. 
 
 
Figure 4.2. Surface runoff sampling in a commercial car park.  
Sample 
Bottle
Scoop 
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4.2.5. Surface Runoff Sampling in the Kuils River and Environs 
Runoff sampling began in areas of the Kuils River sub catchment in which a number 
of sampling campaigns were undertaken during the initial heavy storms that occurred 
in late of April and mid May of the year 2006. The team continued to depend on the 
weather forecasts broadcasted by the local mass media and the 7-day weather 
predictions from the South African Weather Services website in order to spot possible 
days of good rains. With this information in hand, plans for the field were made in 
advance and the analysing laboratory also duly notified. The following sections 
outline the details of the sampling exercises and the results. 
 
The first actual sampling campaign took place in April of 2006 during the first 
daytime heavy storm. Unfortunately, no results were generated from the analysis of 
this batch of samples because of some logistical problems. 
 
4.2.5.1. Runoff Sampling on the UWC Campus and a Residential Area in 
Bellville 
This field sampling exercise took place on July 13, 2006 at two sites in the UWC 
campus. In the morning hours of this day, a rain gauge was set up in anticipation of 
the impending rain event which commenced at 17:15 hours. During the first 20 
minutes of the rainfall, there was no runoff observed. However, after 30 minutes, 
runoff was observed and the first set of samples was simultaneously collected at the 
two sites using a manual sampling technique. This method was selected for its 
simplicity with minimum equipment requirements and appropriateness for sampling 
all the pollutants being investigated in the study. The rainfall depth recorded in the 
rain gauge after 30 minutes of rainfall was 2.2 mm. Two sets of samples were 
collected within a twenty minute interval from a paved path way (Site 1) in front of 
the Old Arts building and from an open car park in front of Great Hall (GH) building, 
both on the UWC campus. At the time of collecting the second set of samples, the 
rainfall depth was at 2.6 mm. Later in the day, further sampling was done from a 
storm water channel that drains a parking lot in a medium density residential area in 
the La Rochelle MDR area (a Flat complex with lawns and flower gardens) of 
Bellville. These samples were also collected as grab samples using plastic scoops and 
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stored in the plastic bottles. The geographical coordinates for each sample site were 
deduced from GPS readings and the rain gauge amounts were noted for all locations 
during sampling process. The collected samples were kept in a fridge through the 
night and the following morning (14 July 2006), the samples were analyzed for pH, 
electrical conductivity (EC), and nutrients (nitrates and phosphates) using the HACH 
kit (DR/2400) at the Earth Science Departmental laboratory. 
 
4.2.5.2. Results from UWC & La Rochelle runoff samples of July 13th 2006 
The samples were analyzed at UWC laboratory in the following morning for water 
quality parameters such as pH, EC, and for nutrients using the portable field lab kit 
which comprised the HACH Sension probes and a portable spectrophotometer 
(HACH kit DR/2400). The rainfall records in Table 4.2 show that rainfall totals at 
UWC became 2.2 mm after the first 30 minutes of rainfall and increased by another 
0.6 mm (2.6 mm gauge reading) during the next 20 minutes. 
 
Table 4.2. Runoff analysis results for samples collected on July 13, 2006 
 
Water 
Quality 
Parameter 
Paved Path at UWC Car Park at UWC Urban Residential Area 
a1 a2 B1 b2 c1 c2 
EC (mS/m) 9.55 10.61 6.18 5.94 2.31 1.889 
pH 6.7 6.5 6.9 6.9 6.4 6.6 
Phosphates 
(mg/L) 0.16 0.07 0.14 0.07 0.68 0.3 
 
On comparing the first sample and the second sample having a time difference of 
twenty minutes, the paved path in UWC campus showed interesting results such as 
variations in pH, temperature and electrical conductivity values as shown in Table 4.2 
above. 
There was an increase in acidity accompanied by an increase in electrical conductivity 
in a somewhat stable temperature range (17.3oC and 17.5oC). From the pH readings it 
was noticed that runoff from the car park was slightly more acidic than the runoff 
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from the paved area. The UWC campus car park showed no remarkable pH difference 
in both samples but quite noticeable reduction in electrical conductivity (6.18 to 5.94 
ms/m). Only the paved pathway showed a slight increase in acidity between the first 
and the second sampling times (from 6.7 to 6.5 within a span of 20 minutes of 
rainfall). The samples from medium density residential area in La Rochelle showed 
lower temperatures, an increasing trend in pH with a decrease in electrical 
conductivity as time went on. 
 
At all three sites, noticeable changes in electrical conductivity were observed between 
the first sample and the second sample. The samples from both the MDR residential 
area in La Rochelle and the car park at UWC showed a decline in EC values 
(2.31mS/m to 1.889mS/m) and (6.18mS/m to 5.94mS/m), respectively. An increase in 
EC (9.55mS/m to 10.61mS/m) was observed at the paved path at UWC. On 
comparing the total phosphorus (TP) values, it was apparent that there was a decrease 
in values for all second samples taken 20 minutes after the first samples were 
collected. The residential area in La Rochelle showed the highest TP concentrations 
while the UWC campus car park showed the least. 
 
4.2.5.3. Sampling in the Vicinity of Kuils River on July 21 2006 
The second sampling exercise took place on July 21, 2006 at an area adjacent to the 
Kuils River channel. A total of six surface runoff samples were collected from four 
sites. Site 1 and Site 2 were located on Polkadraai road (a major road to Stellenbosch). 
Site 3 is a runoff exit outside the fence of a vineyard and Site 4 was a storm drain 
close at the base of a minor road. The samples collected were analyzed at the UWC 
laboratory in the Earth Science department using the HACH kit. Table 4.3 contains 
the results obtained from the analyses of these sets of samples. 
 
4.2.5.4. Results from July 21 2006 sampling in Kuils River area. 
Table 4.3 contains a record of the chemistry of surface runoff samples after the 
analysis with the HACH kit. The results from this spectrophotometer were as follows: 
At fairly average temperature of 14.90C, the reading for both first and the subsequent 
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storm water samples on the major road revealed a decrease in electrical conductivity 
values while there were slight increases in values of pH, nitrate and total phosphorus 
content. 
 
Table 4.3. Runoff analysis results for samples collected on July 21, 2006 
 
Site 3 Site 4
Road a1 Road a2 Road b1 Road b2
E C (mS/m) 42 12.11 14.99 12.65 42.8 9.16
pH 6.6 7 6.9 6.5 7.1
Nitrates (mg/L) 0.7 2.4 18.7 25.8 0 33.3
Phosphates UWC Lab (mg/L) Over Range 8.55 Over Range 8.3 Over Range 2.58
Phosphates CCT Lab (mg/L) No data No data 1.02 1.11 1.13 No data
Water Quality Parameter Site 1  Site 2
 
First flush TP readings for the busy road samples (Road a1 and Road b1) could not be 
computed as the analysing equipment again showed ‘over range’ error messages. This 
might have probably meant that these over range records were beyond the analysing 
threshold of the analytical equipment where as the sample from downhill of the farm 
showed total phosphate concentrations of 2.58mg/L. The water samples collected on 
the major road revealed a decrease in electrical conductivity but an increase in pH and 
the concentration of nitrates. Such a change could be attributed to dilution effect 
caused after a period of rain wash off (Ngwenya, 2006). 
 
4.2.5.5. Sampling in the Kuils River Area on July 31, 2006 
The third sampling exercise took place on July 31, 2006. On this day, four land uses 
in the Kuils River area were considered. These were a major road (the Stellenbosch 
arterial) as Site 1, an open grass field on cattle as Site 2. Site 2 is located just at the 
perimeters of the Kuils River channel with vleis / wetlands and lots of livestock 
excrements which indicted that it is also a grazing field for animals. Site 3 is in the 
Kuils River industrial area (Sarepta GPS coordinates S33.944 and E18.687) and Site 4 
is a car park in a commercial area - shopping centre of Kuils River. 
 
The samples from the Site1 (road) and the open grass area were collected during an 
interval in which downpour had subsided but there was still some surface runoff that 
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could be sampled. The same scenario was the case when the grass field was being 
sampled. Here also, there was still some sheet runoff observed at the ground surface 
levels from which samples were collected. At the industrial area of Kuils River 
industrial, samples were collected down-road at a point where surface runoff was 
deemed to represent the contributions from varied source areas. Unlike during the 
earlier sampling, the samples from the industrial zone and the car park were collected 
during some down pour. It should be noted that, it had rained very heavily during the 
earlier hours of the morning at a period when it was practically impossible for the 
team to undertake any sampling exercise. Therefore, the results that would be shown 
from the chemical analysis of later samples collected would not be completely 
reflective of the contribution of runoff as these must have been greatly affected by 
earlier wash offs. 
 
4.2.5.6. Results from July 31, 2006 
Due to some limitations in the ability of the portable spectrophotometer to analyze at 
extended ranges, the team sought to employ the services of the Scientific Services 
Department of the City of Cape Town was consulted for help in analyses. Duplicate 
samples were analysed in both the UWC and the scientific services of the city of Cape 
Town laboratories. One set of samples were analyzed using the HACH kit in UWC 
lab and the other set of samples were sent to the lab of Scientific Services 
Department, City of Cape Town (CCT). The reason for these duplicates was to 
investigate the variation in analysis results from two different lab equipments. Table 
4.4 contains the results from both laboratories. The readings sent in by the standard 
lab is designated CCT while the results from the campus lab as UWC. Only the results 
of one parameter could be compared here because the CCT labs declined to analyse 
for nitrates complaining that the nitrate content of the sample must have been altered 
owing to the length of time the sample had stood without proper storage. However, 
the CCT labs did analyse for phosphates because they were confident phosphorus 
content might not vary significantly unless after a very significant length of time has 
elapsed. 
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The results from analysis conducted at UWC lab using the HACH kit revealed the 
following: 
? In the road sample from Stellenbosch arterial road, surface runoff had a pH of 
6.6 and an electrical conductivity value of 16.84 ms/m at temperature 15.3 oC. 
? For the grazing open land, at a closely similar temperature of about 15.4 oC 
temperature, pH values in the surface water samples went up to 8.1 as well as the 
electrical conductivity reading which read 13.8 ms/m. This figure looks 
exaggerated as it is too high as compared to the samples from other sites.  
? The industrial area showed a pH of 7.6 with an EC value of 20.5 ms/m at 5.8 oC. 
? The commercial car park samples showed a pH of 7.5 and EC readings of 13.79 
ms/m at temperature 16 oC. 
 
Table 4.4. Runoff analysis results for samples collected on 31 July, 2006 
 
Site 1 Site 2 Site 3 Site 4
Water Quality Parameter Stellenbosch Open Land Industrial Area Commercial
Arterial Car Park
Electrical Conductivity (mS/m) 16.84 13.8 20.5 13.79
pH 6.6 8.1 7.6 7.5
Nitrates (mg/L) 33.9 -1.4 Over range -1.7
Phosphates at UWC Lab (mg/L) 3.65 2.51 2.83 1.51
Phosphates at CCT Lab (mg/L) none 0.78 0.5 0.58  
 
In terms of water quality constituents, the arterial road contributed most in the two 
parameters investigated in the UWC labs with nitrate and total phosphate values of 
33.9 and 3.65 respectively. This is followed by the industrial area which show 2.83 
TP and ‘over range’ results for nitrate from HACH instrument. The grazing and car 
park reveal smaller readings of 2.51 and 1.51 respectively with negative values for 
nitrate constituents (which should be treated as some kind of error occurred while 
analysis took place). The same samples from the CCT labs showed the same trends 
but the values were smaller in magnitude. Looking at the records from all locations, 
one would make the following observations: the open land area visited by grazing 
animals gives the highest pH and EC values as compared to the other land use 
surfaces. 
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4.2.5.7. Runoff Sampling in the Vicinity of Kuils River Area (August 14, 
2006) 
A repeat sampling exercise was undertaken on August 14, 2006 to take samples on 
sites from previous exercises. The same sites at the Stellenbosch arterial road, open 
grazing land, the industrial area at Sarepta and the commercial car park were revisited. 
In addition to above, two more samples were collected from the Sarepta formal MDR 
area. Two grab samples were collected for each of the sampled points except for the 
site 1, the major road (Stellenbosch Arterial) and the open grazing field, site 2. Water 
quality analyses for these samples were done by the Scientific Services Department of 
the City of Cape Town. The results obtained from the analyses of the samples are 
presented in Table 4.5 and are illustrated in Figures 4.3. 
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4.2.5.8. Results from August 14, 2006 sampling 
 
 
Table 4.5. Results from chemical analysis of runoff samples collected in Kuils River Area on day 4 (August 14, 2006). 
 
Analysed Parameters Site1 Site2 Site3 Site3B Site4 Site4B Site5 Site5B
Stell. Arterial Open Land Industrial Area1 Industrial Area2 Car Park1 Car Park2 Residential Area1 Residential Area2
D O (mg/l) 8.3 5.9 6.6 6.6 6.6 6.3 5.6 6
T S S (mg/l) 122 48 170 544 264 280 9 71
pH 5 6.8 5.9 5.7 4.5 5.2 6.1 4.9
E C (mS/m) 8.3 33.3 10.6 15.9 5.6 3.2 9.5 8.5
C O D (mg/l) 35 70 44 33 22 36 34 36
Total N (mg/l N) 0.75 2.1 1.77 1 0.4 0.43 0.38 0.54
NH3 (mg/l N) 0.37 0.12 0.44 0.36 0.08 0.071 0.038 0.046
NO2 + NO3 (mg/l)  0.2 0.06 0.91 0.26 0.1 0.11 0.06 0.06
Total Phosphorus  0.13 0.686 0.282 0.491 0.112 0.274 0.102 0.298
Soluble  P (mg/l P) 0.038 0.47 0.03 0.042 0.029 0.031 0.075 0.1
Chloride (mg/l) 7.06 36 7.12 16.2 5.42 14.3 8.37 11.8  
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different labs (UWC & CCT)
0
1
2
3
4
5
6
7
8
9
Major
Road1
Major Road
2
Open Land1 Open Land
2
Comm.
CarPark1
Comm.
CarPark2
Ind. Area Urban
Res.Area1
Urban
Res.Area 2
Landuse/Landcover Types
To
ta
l P
ho
sp
ha
te
 v
al
ue
 
(m
g/
L)
UWC [TP] CCT [TP]
 
Figure 4.3. Comparison of trend in total phosphorus values obtained from two 
different labs  
 
4.2.5.9. Comparison of results from the two laboratories 
Analysis using the HACH Kit frequently gave problematic results, viz, ‘negative’ and 
‘over range’ error values. It was then necessary to verify the validity of such results 
by comparing them with those from an accredited laboratory. Duplicate samples were 
sent to the Scientific Services Department of the Cape Town City Council where they 
were analysed using standard methods. The results obtained from these two different 
laboratories were compared as shown in Figure 4.3. Only the results of the phosphate 
contents could be compared because it was the only parameter that was successfully 
analysed by both CCT lab and the UWC labs. Quite clearly, the UWC unit produced 
higher values for water quality constituents as compared to the results from CCT lab. 
It was observed that there was a difference of less than 2 mg/l for most of the samples 
analyzed at UWC laboratory. However, there is a similarity in the general trend of 
variation of phosphates in both sample sets from the different laboratories. 
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4.3 Calculation of EMC Values for the Kuils Catchment 
Estimated or Event Mean Concentrations (EMC) values are typical values of a 
pollutant expected in runoff from a particular land use (Naranjo, 1998) arising as a 
result of the build up and wash off processes (Butcher, 2003). Equation 4.2 defines 
EMC as a flow weighted average concentration of a pollutant over an entire storm 
event. 
EMC = ∑
∑
)(
)*(
Qi
QiCi
      Equation 4.2 
 
Where Ci = concentration of runoff at interval i 
 Qi = flow at time when sample was taken 
 
The EMC value is usually estimated from a flow weighted composite sample 
collected in the field or calculated from discrete measurements. The runoff volume 
(Q) can be determined by way of field measurements as well as through estimation 
techniques such as the Natural Resources Conservation Service (NRCS) curve 
number (CN) method. The CN method combines infiltration with initial losses to 
estimate rainfall excess, which would appear as runoff (Thomas, 2001). The equation 
for total runoff excess is expressed in Equation 4.3 below: 
 
Q =
SIaP
IaP
+−
−
)(
)( 2      Equation 4.3 
      
Where Q  = total rainfall excess (runoff) for storm event 
 P  = total rainfall for storm event 
 Ia  = total initial loss 
 S  = potential maximum retention capacity of the soil at the beginning of  
the storm 
S is determined thus S = 101000 −⎟⎠
⎞⎜⎝
⎛
CN
   Equation 4.4 
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CN in Equation 4.4 is the curve number value and it ranges between 0 (100% 
infiltration) and 100 (0% infiltration). This curve number is dependant on soil; land 
use and land cover information. 
The estimated runoff volume (Q) from Equations 4.3 and 4.4 is then put into Equation 
4.2 for estimating the EMCs. 
 
During this study the runoff samples were collected as discrete samples from various 
types of urban Kuils-Eerste Rivers (roads, grasslands, residential, industrial, car park, 
open area etc) and while sampling it was not possible to measure the runoff volume or 
even the extent of land use area contributing to the runoff at a point. Due to 
insufficient logistics the runoff volume for the sampled land use types could not be 
estimated. Because of the above constrain the calculation of EMC values using 
Equations 4.2 to 4.4 could not be undertaken for such sampling sites. The approach 
best suits samples that are collected from runoff plots. An alternative approach was to 
estimate EMC value is to calculate an arithmetic average of concentrations for a 
number of samples collected from a site during a rainfall event as in Equation 4.5. The 
arithmetic average, EMC, is defined as: 
 Average EMC =
m
EMCj
m
j
∑
=1     Equation 4.5 
  
 Where, m = number of events (samples) measured from a site. 
 
Using the latter method discussed above, the arithmetic means of the chemical 
concentrations of nitrate (nitrate-nitrogen), total phosphorus, and chloride, dissolved 
oxygen, COD, total nitrogen, for the land use types that were sampled were calculated 
for each day of sampling. In building the database of EMC for the rest of 2007 and 
beyond, care was taken to minimize the reoccurrence of any land use type in the 
records gathered for a single event. In other words, for each rainfall event that was 
sampled, efforts were made to sample all representative land use types as well as to 
sample extensively within the perimeter of the catchment. In an occasion where one 
land use type was sampled more than once, a mean value was calculated for that land 
use by considering averaging all the records of that land us type irrespective of the 
position where it was collected in the catchment. Samples were collected from over  
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Figure 4.4. Surface runoff sample sites in the Kuils River catchment area. 
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Table 4.6. Expected Mean Concentration derived from the analysis of surface runoff 
samples. 
 
Value Land use/Land Cover Nitrate Chloride TSS Total P Total N DO COD
1 Mountain Forest 1.01 16.27 196.17 0.25 7.50 7.33 64.50
2 Riparian Forest/Natural Forest 1.01 16.27 196.17 0.25 7.50 7.33 64.50
3 Dense Scrub 1.01 16.27 196.17 0.25 7.50 7.33 64.50
4 Fynbos 1.17 16.24 45.80 0.19 5.80 7.20 76.80
5 Grassland 1.01 36.08 66.90 3.32 319.86 4.94 178.43
6 Impervious Surface 1.21 16.87 70.56 0.24 317.59 6.07 107.00
7 Railway Line 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Impervious Surface/Bare Ground 1.21 16.87 70.56 0.24 317.59 6.07 107.00
9 Bare Rock 1.21 16.87 70.56 0.24 317.59 6.07 107.00
10 Open Vineyard/Hard Rock 0.51 58.11 61.44 0.08 367.22 8.02 50.78
11 Open Area/Barren Land 0.69 159.80 68.00 0.03 50.00 6.80 43.00
12 Improved Grassland/Veg Crop 0.69 157.29 234.50 3.78 295.50 7.25 128.00
13 Buildings/Impervious 1.21 16.87 70.56 0.24 317.59 6.07 107.00
14 Dense / Grassy Vineyard 1.79 48.21 96.25 2.12 249.09 6.19 213.58
15 Fallow/Open Vineyards 1.79 48.21 96.25 2.12 249.09 6.19 213.58
16 Recreation Grass/Golf Course 0.03 261.60 9.00 0.12 565.00 7.30 120.00
17 Freeways/Express Ways 0.08 12.19 236.50 0.15 458.00 6.55 325.50
18 Arterial Roads/Main Roads 0.12 34.94 394.29 0.57 147.69 5.01 592.43
19 Minor Roads 0.13 29.40 75.00 0.58 329.34 4.94 521.00
20 Sandy 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 Water bodies 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 HDR Formal Suburb 0.23 33.43 99.67 1.27 420.33 5.80 608.67
23 MDR Formal Suburb 0.17 21.03 40.63 0.29 287.65 6.56 108.00
24 LDR Formal Suburb 0.17 21.03 40.63 0.29 287.65 6.56 108.00
25 HDR Formal Township 0.22 12.27 41.80 0.31 294.34 6.38 54.40
26 MDR Formal Township 0.22 12.27 41.80 0.31 294.34 6.38 54.40
27 LDR Formal Township 0.22 12.27 41.80 0.31 294.34 6.38 54.40
28 HDR Informal Township 0.10 13.62 35.07 0.39 177.00 3.09 179.17
29 MDR Informal Township 1.85 134.42 321.00 3.53 24.50 6.58 350.50
30 MDR Informal Squatter Camps 0.18 18.11 41.02 0.30 289.88 6.50 90.13
31 LDR Informal Squatter Camps 1.85 134.42 321.00 3.53 24.50 6.58 350.50
32 Commercial - Mercantile 6.65 26.25 112.18 0.31 258.14 5.40 228.73
33 Commercial - Institutional 0.12 11.04 108.00 0.16 337.27 6.00 104.50
34 Industrial 0.71 38.63 192.63 2.13 285.18 6.68 580.75
35 Cemeteries 0.69 16.78 506.00 0.14 3.00 7.40 104.00
36 River 5.59 150.45 24.84 1.80 383.17 8.06 62.76
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sites in the Kuils River catchment during the winter months of 2006, 2007 and 2008. 
A spatial distribution of the sample sites is shown in Figure 4.4. Table 4.6 contains the 
final EMC values calculated from the set of land use sites sampled in the catchment. 
An inventory of the raw data base and the tables of means, medians and standard 
deviations of the water quality of each of the land use/cover sampled are found in the 
appendices pages. The procedure through which the EMCs for certain specific land 
uses/covers were deduced has been explained to greater details in other chapters. 
 
4.4 Conclusion 
The sampling of runoff for EMCs data preparation was a very challenging task. Great 
effort was put in to be at the sampling points prior to any surface runoff. It took so 
much dedication for members of the sampling team to brave the weather while 
waiting for runoff and standing there until the end of the rainfall event. The highly 
unpredictable climate of the region exacerbated the difficulty of collecting continuous 
samples as the time and intensity of most events could not be predicted. This made 
prior arrangements very unrealistic. More frustrating was the fact that most significant 
events occurred in the night hours and were missed. The exercise turned out to be 
very expensive financially and very labour intensive. The database which resulted is a 
new inventory which is not available in the province or even in the country and it is 
hoped that these will set precedence for other such similar work in the future. 
However, in order to quantify pollution fluxes the EMCs must be incorporated with 
surface runoff discharge data. The next chapter includes a description of the methods 
that were used in measuring surface runoff, stream discharge and discharge in other 
surface / open channels (engineered). 
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CHAPTER  5 MEASUREMENTS OF SURFACE RUNOFF 
AND OPEN CHANNEL FLOWS 
5.1 Introduction 
Stream discharge measurement allows for an estimation of the total runoff resulting 
from the surface of an entire catchment. To accurately describe the runoff from a 
catchment, the environmental characteristics that affect runoff like time of 
concentration, soil-runoff response to different levels of saturation, the approximate 
contribution of groundwater flow to the stream before, during and after a storm must 
be known and accounted for (Dingman, 2002). The surface runoff component of 
storm runoff was monitored by measuring the runoff volumes collected from runoff 
plots that were set up on representative land use types or vegetation cover in the 
catchment. Whilst direct measurements of discharge in open channels were conducted 
at selected points along some streams in the catchment. 
 
The measurement of runoff or stream flow in the field is generally carried out using 
current meters at calibrated or rated channel cross sections, flumes or standardised 
weirs, together with water level readings, often by automatic recorders to give a 
continuous height record which can be correlated to flow. As flows in a stream may 
derive from surface runoff during rainfall events, sub surface flows (interflow and 
throughflow) and ground water pathways (base flows), there was need to quantify sub 
surface runoff and base flow that contributed to stream flow in the catchment during 
low flow conditions. This study does not specifically dwell in to the assessment of 
subsurface flow and discharge in the stream. However, it is expected that by 
estimating the accumulated runoff from the catchment and comparing to measured 
flow at selected pour points or outlets, it would be possible to quantify the 
contributions made by other components responsible for flow in the stream. 
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5.2 Field Scale Measurements of Surface Runoff 
5.2.1 Introduction 
A runoff plot is a means of measuring runoff under controlled conditions (FAO, 
1991). With the permission of Mr Jaco van der Westhuisen, a farm owner, two runoff 
plots were set up in a vineyard at the farm, Skoonheid, which is located on the slopes 
of Kanonkop Hills in the east of the Kuils River sub-catchment. Skoonheid is situated 
on the south facing slopes of the Kanonkop hills and runoff plots were positioned 
around the foothills of these slopes in close proximity with the farm residences. These 
runoff plots helped to serve the purpose of assessing how farm management 
procedures in a vineyard and grassland affect the release of water quality parameters 
into runoff downstream. The run plot collects runoff water which can be analysed for 
run off volumes and for assessing the concentrations of sediments, nutrients, 
pesticides, or other chemicals. These runoff plots, named as runoff plot 1 and plot 2, 
were constructed as a contribution to continuous experimental assessments on 
designated land use types for their water quality. 
 
5.2.2 Construction of Runoff Plot1 
Runoff plot1 was constructed on an open piece of grassland located further south of 
the vineyard area of the farm. The plot was constructed quite close to the farm 
residences to guarantee some surveillance from the farm dwellers. The gradient (0.12) 
on this plot area is gentle, sloping to the south-west and the runoff plot follows this 
natural slope. The runoff plot covers a total surface area of 75 m2 (15 m x 15 m). 
Three sides of the plot were sealed with 150 mm wide metal sheets to prevent runoff 
from entering or leaving the plot. At the lower side of the plot, a 5 m long PVC gutter 
was laid on the ground to collect runoff into a collection chamber. A 20 cm wide 
metal sheet (GI apron) was also pushed into the soil front to ease the flow of water 
into the gutter. The collection chamber is a 1 m3 pit with a 60 L plastic barrel lowered 
into it. The barrel had a lid and it was connected to the gutter by a 1.8 m long PVC 
pipe of 75 mm diameter. A diagrammatic representation of the geometry of Plot1 is 
shown in Figure 5.1 while Figure 5.2 shows the snapshot of the farm area and the 
local scenario on which the plot is located. The vines occur at the far backgrounds of 
the picture. 
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Figure 5.1. Schematic view of runoff plot 1 (sketch not to scale). 
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Figure 5.2. Runoff Plot1 in a grassland/shrubland area on the farm Skoonheid. 
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Figure 5.3. Galvanised metal strip with mesh wire at the base of the plot. 
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Figure 5.4. Sheet covering placed over the gutter at the base of the plot to eliminate 
influence of direct rainfall.  
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Figure 5.5. Close view of the grassy plot. Note the gentle slopes on which the vines 
are grown in the far background. 
 
The construction of this plot started in November and the finishing work was 
completed during December 2006. However, it was found that some slight changes 
could be made to the plot to improve its effectiveness in runoff data capture. At the 
lower end of the plot metal sheet was placed over the PVC gutter to allow runoff to 
flow into the gutter (GI apron in Figure 5.1 and Figure 5.2). The metal sheeting was 
narrow and soil was collected in the gutter. At certain sections of the plot, the 
covering metal sheet bulged up (the upper edge of the sheet immerged to the soil 
surface) which might result in causing runoff to flow under the sheet and hence losing 
part of the runoff water which might not flow into the gutter. If allowed this way, the 
runoff from the barrel would not be representative of the discharge from the plot 
surface. To improve this, a 50 cm galvanised sheet was used to replace the 20 cm 
sheet that was used earlier (Figure 5.3). Also, a wire netting (mesh) was used to cover 
the bottom portion of the plot and the gutter to prevent dirt and animals, e.g. insects 
and rodents, from falling into the gutter (Figure 5.3). To protect the runoff collecting 
area from direct rain drops that could end up entering the collection chamber, another 
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75cm wide sheet (roof-like structure) was placed over the 50cm sheet covering in the 
lower portion of the plot (Figure 5.4 and 5.5). 
 
5.2.3 Construction of Runoff Plot 2 
With the permission of Mr Jaco van der Westhuisen, a second runoff plot was 
constructed between the vines of Skoonheid farm. This runoff plot was meant to 
assess runoff emanating from an agricultural land use setting. In comparison to the 
first runoff plot, this runoff plot had a reduced surface area of just 60 m2 (12m by 5m) 
(Figure 5.6). The reduction in plot size was a major to minimise damage to the crops, 
minimise the space occupied by the plot and any disruptions that may hamper normal 
activity on the farm the plot included. It should be noted that conditions on the plot 
must be as close as possible to conditions on the rest of the farm in order to obtain 
results that fully reflect the actual conditions on the farm. The long edge of the 
rectangular plot is parallel to the rows of vine plants and furrows (spaces that occur 
between the rows of vine plants). As a general observation, it was noted that, the rows 
and furrows have been cultivated to run across the slope gradient probably as a 
control measure against soil erosion (Figure 5.7). In addition to the above the farmer 
also plants fodder (grass and other cover crops) between the rows of vines as well as 
implementation a lot of mulching techniques on his farm. 
 
Galvanised metal plates of 15 cm width were driven into the ground along the sides of 
the plot to cordon any flow of water into or out of the plot. In this case, the side strips 
were buried just along the edge of the ridge on which the vine was planted. These 
sheets were cautiously driven deeply enough into the ground to prevent any 
subsurface escape or entry of surface water from beneath the sheets and at the same 
time, to avoid tampering with the root system of the plants. On the lower side of the 
plot, a 5m concrete gutter was constructed in the ground to convey water that is 
collected into a collection chamber (Figure 5.8). The gutter was constructed with 
concrete as opposed to PVC material, to allow access for the farmer’s machinery to 
drive through without causing any destruction to the plot. The collection chamber was 
a plastic barrel, with capacity of 20 litres placed in an excavation (pit) of about 1 
cubic metre. The barrel had a lid to that served to prevent direct rain drops and other 
solid particles. This lid also served as a shield to minimise or prevent evaporation 
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from the barrel. A PVC pipe of 75 mm diameter linked the concrete gutter to the 
collection chamber. The PVC pipe from the gutter ran into an opening cut into the 
side of the barrel while the pit in the ground was dug wide enough to allow extra 
space that permitted the evacuation and re-installation of barrel without disrupting the 
plot settings. 
 
The samples that were collected by means of runoff plots were known to be flow-
weighted composite aliquots or samples and the analysis of these samples represented 
the water quality of surface runoff over the duration of an entire storm event. 
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Figure 5.6. Schematic view of runoff plot in agricultural setting (drawing not to
scale). 
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Figure 5.7. Very gentle NW facing slope shown from left to right of photo. The rows 
of vines are planted perpendicular to the down slope direction. Notice the strips of 
metal on both long sides of the plot and the concrete gutter in front. 
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Figure 5.8. Close view of the concrete gutter linked to the barrel (blue container) by a 
plastic pipe (white pipe).Concrete provide a firm base for farm machinery to move 
across without causing damage to the plot settings. 
 
Barrel 
Concrete 
gutter 
Metal Strip 
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Figure 5.9. Emptying of the barrel after collecting data. Concrete slabs over gutter 
provide passage for farm machinery as well as protecting the barrel from damage. 
 
5.2.4 Results and Inferences from the Runoff Plots 
5.2.4.1. Generation of EMC Database from Records Collected in Runoff 
Plots During 2007 
 
The purpose of setting up these experimental plots in the Skoonheid wine farm was to 
mimic natural processes that occur in surface runoff. During the rainy days of winter, 
these plots were constantly monitored for any runoff that accumulated. Weather 
forecasts for the region were closely monitored in order to obtain predictions of the 
next rain events and their magnitudes. Prior to every storm event, the runoff plots 
were visited to prepare them for a proper sample collection. The activities that were 
carried out during such visits included cleaning of the gutters through which runoff 
would smoothly flow in to the barrel; cleaning of the barrels – getting rid of any 
unwanted matter that may have fallen into them; setting of the resident rain gauge on 
site. 
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After each rainfall event and sometimes during rains, the plots were visited and the 
barrels were checked for any runoff that might have collected. The volume of total 
runoff that collected would first be noted down and a sample aliquot taken in a sample 
bottle for chemical analysis. Two simple approaches were employed in deducing the 
total volume of runoff that collected in the barrel. The volume was either directly read 
off from marks made on the side of the barrel or simply measured with a measuring 
cylinder in cases where the total runoff collected was small. After collecting the data, 
the barrel was emptied and set again for future use. It should be noted that, the 
samples that collected in the barrels were representative composites of chemical 
constituents that accumulated in runoff during the rainfall event. By definition, a 
composite sample is a mixed or combined sample that is formed by combining a 
series of discrete samples of specific volumes at specified intervals. In other words, 
these composite samples characterize the quality of a storm water or surface discharge 
over the duration of the storm event. 
 
Data that represent the total runoff collected for every rainfall event that was 
monitored and the results from the chemical analysis of the collected runoff in the 
barrel are presented in the Table 5.1 and 5.2. Rainfall depth readings measured 
rainfall amounts from the rain guage that was located inside the plot. In some 
occasions the readings were collected from the farmer’s rain gauge. In many 
occasions, the barrel was found empty even at times when the rain gauge shows 
significant levels rain had fallen indicating that there was no runoff from the plot. This 
could be explained by the influence of the soil nature, which is sandy loam to sandy 
clayey loam, to surface flow (Dingman, 2002). Such soil textures possess high 
infiltration potentials and thereby do not favour runoff but infiltration into the 
subsurface. It would therefore be presumed that most of the time flow in this area is 
accounted for in the subsurface after much of the precipitation has occurred 
(Dingman, 2002). 
 
The sample dates field in Table 5.1 and 5.2 are basically the dates on which the 
samples were retrieved from the barrels. These dates might not necessarily be the 
same dates during which rainfall occurred. Most of the time, the samples were 
retrieved the next morning if there was an overnight rain event. 
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Table 5.1. Estimated Mean Concentrations for samples collected in runoff Plot1 during 2007 
 
Plot 1
Event Date Rainfall mm Runoff Volume (L) EMC N EMCNO3-N EMC P EMC Cl EMC SS EMC COD EMC DO Notes
19-May-07 6.5 No records No Data 0.04 0.37 6.2 158 22 7.9 It rained 22mm overnight
8-Jun-07 1.5 400 0.24 0.28 8.83 52 35 8.2
25-Jun-07 5 120 0 0.11 8.83 51 4 7.6
28-Aug-07 14 547 0.14 1.34 31.28 101 49 8.1
29-Aug-07 9.5 310 0 0.93 34.75 41 38 8.2 Interflow samples
31-Aug-07 20 3.25 360 0.54 1.88 26.93 41 139 6.1
31-Aug-07 20 No records 395 0 0.46 33.88 30 24 8
1-Sep-07 1.5 1.8
3-Sep-07 5 0 No Data No Data No Data No Data No Data No Data No Data
6-Sep-07 12
13-Sep-07 14 445 0 0.75 19.11 8 35 7.4
3-Oct-07 9.5 0 No Data No Data No Data No Data No Data No Data No Data
23-Oct-07 0.5
8-Nov-07 12 0 No Data No Data No Data No Data No Data No Data No Data
21-Nov-07 12 0.25
22-Nov-07 10 0.52
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Table 5.2. Estimated Mean Concentrations for samples collected in runoff Plot2 during 2007. 
 
Plot 2
Event Date Rainfall Depth Runoff Volume (L) EMC N EMCNO3-N EMC P EMC Cl EMC SS EMC COD EMC DO Notes
19-May-07 20 No Data 0.03 1.95 7.1 590 370 4.6
08-Jun-07 8 2.25 257 2.03 0.63 8.2 89 113 6.2
25-Jun-07 5 171 1.24 0.98 37.08 95 445 4.8
28-Aug-07 14 343 0 1.69 35.62 5 74 7
01-Sep-07 1.5  N/A
03-Sep-07 5 0.75 802 0 3.02 84.27 74 710 3.6
06-Sep-07 12 317 0 0.64 17.38 19 22 6.3
13-Sep-07 14 4 387 0 4.34 43.44 40 335 6
03-Oct-07 9.5 6
23-Oct-07 12
08-Nov-07 12 0
21-Nov-07 12 6
22-Nov-07 10 4.8
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Technically, such samples are termed composite runoff samples as they represent the 
quality of runoff over a period of time, such as the duration of a storm event. 
However, effort was made to avoid contamination of the samples by collecting the 
samples very promptly, corking and storing them in a field box and sending to the 
laboratory for chemical analysis before any major internal chemical alterations may 
occur within the sample constituents. It should be noted also that, the samples dates 
that have been presented in the data table do not necessarily represent all the rainy 
days during the period of investigation. It was frequently noticed that during days that 
received very brief or shallow rainfall amounts, very little or no runoff collected in the 
barrel. This could be explained by the high infiltration capacity of the sandy clay loam 
soils that underlay the vegetation in the plots. An indication that soil texture played a 
very important role in runoff generation on this site but also that the contribution to 
non point source pollution controlled by the land use activity on the plot. 
 
Two land use or land cover types are being covered by the plot data. Plot1 represents 
grassy or shrubby vegetation type scenario while Plot2 represents environmental 
responses that occur in an agricultural setting (e.g. vineyard in our present case). 
During certain days of prolonged rainfall, some subsurface flow was observed as soil 
water oozed through the walls of the collection chamber and eventually gradually 
filling up the latter. Such interflow were collected and also analysed for the records 
too. The chemical content of the collected composites from the barrels were 
considered to be the event mean concentrations (EMC) for every pollutant that were 
tested. 
 
Since the two plots represented land use/cover surfaces, the data that was deduced 
from them was incorporated into the general data tables for the whole catchment. In 
this regard, the EMC readings for Plot1 and Plot2 were considered as the EMC data 
from grasslands and vineyards, respectively. 
5.3 Stream Flow Measurements 
5.3.1 Introduction 
This section discusses briefly the concepts in open channel flow and describes the 
various methods used during the measurements of discharge in streams. The section 
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will also include the methods employed to estimate flow rates at specific open surface 
flow channels in the study area (Kuils River catchment). It has been acknowledged 
that the Department of Water Affairs and Forestry (DWAF) is the repository for 
stream discharge in the province, but these data sets were not available for most of the 
rivers in the study area. It became very necessary for such a database to be developed 
through stream measurements at selected sites in the catchment. From these stream 
measurements, stream discharges and consequently mass flows can be computed. 
Furthermore, these data are needed for the evaluation or possible calibration of runoff 
and pollution estimates acquired through modelling. 
 
5.3.2 Concepts in Open Channel Flow 
Flow in streams, channels and large rivers are typically classified as open channel 
flow. Flow in open channels could either be referred to as laminar during low 
discharge rates or as turbulent flow when discharge is at maximum levels, e.g. during 
flood events. Stream flow varies with many factors in a watershed including: the rate 
of precipitation and water input to channel, the channel characteristics (e.g. slope, 
area, sinuosity), the roughness of the channel bed and banks, and with the presence of 
hydraulic control structures (e.g. culverts, bridges, dams). In analyzing flow in open 
channels, the simple assumption is made that, flow is both steady and uniform. 
Meaning that, the discharge rates remain constant and the depth of the channels 
remain the same throughout the length of the channel. But these conditions do not 
usually exist in real channels flows, which may vary in depth and discharge rates all 
the time making predictions on such channels rather difficult. The following concepts 
are always being accounted for during stream or open channel flow measurements: 
• Channel Width (w) 
• Channel Depth (d) 
• Cross-sectional area (a) 
• Discharge (q) 
• Velocity (v) 
• Slope (S) 
• Wetted Perimeter (P) 
• Hydraulic Radius (R) 
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5.3.3 Flow Measurements in Open Stream Channels 
In the sampling of open flow channels, data characterising the flow rate and the flow 
volumes in the channels that are being sampled must compliment the data that is 
being accumulated for discharge water quality. Stream flow is an important parameter 
in understanding stream water quality because it has great influence on the character 
of the stream. Stream flow is also an important element that is necessary during the 
calculation of pollutant loadings – which is also an important tool for interpreting 
stream water quality data. To determine mass loadings of pollutants, both the 
discharge flow rate and the pollutant concentration must be measured. By definition, 
stream flow or discharge is the volume of water that flows through a point in the 
stream channel over a period of time. In other words, it is a function of the volume of 
water and the velocity of the water in the stream channel. It is therefore expressed as 
unit volumes of water flowing in the channel over a unit of time taken e.g. cubic 
metres per second (m3/s). The flow in a stream is a reflection of the amount of 
discharge contributed by the area upstream of the point of measurement. Factors such 
as weather, land use, soil and vegetation cover would therefore indirectly affect the 
flow in a stream. 
 
The methodology used to deduce stream discharge in open flow channels includes the 
measurement of stream water depth, channel cross section and stream velocity. 
Discharge can be measured by using either primary or secondary flow measurements 
devices. Primary flow devices are man-made flow control structures that are inserted 
in the open channel and these devices create a geometric relationship between the 
depth of the flow and the rate of the flow. The depth of flow, referred to as the head, 
can be measured with a ruler or a staff gauge. These flow heads are then substituted 
into mathematical formulas that relate the depth and the discharge for any of the 
primary devices in order to deduce flow rate values. Such primary devices include 
weirs and flumes while on the other hand, secondary flow devices are automated 
forms of flow rate and volume measurements. These sometimes work with primary 
devices to automatically measure the flow depth or flow head which are then 
substituted into mathematical relationships to relate the depths to the corresponding 
flow rates. The output from secondary devices is transmitted to display recorders that 
show flow rate and volume information. Examples of such devices include floats, 
ultrasonic transducers, pressure transducers, bubblers.  In the study area, these devices 
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are non-existent because of the recommendations of other legislations with regards to 
altering the flow in urban river systems. The proper installation and use of secondary 
flow measurement devices like ultrasonic transducers could not be applied because 
the security of this rather expensive equipment could not be guaranteed in mainly 
urban territory. As a result steam flow rate and discharge volume estimates were 
carried out using mostly manual means. Further details of the procedures that were 
used the field and the results that were obtained from measurement will be highlighted 
in the next sections. 
 
5.3.4 Stream (water) Depth Estimations 
This is a measure of the height of the water column in the stream channel. It relates to 
the volume of water that is flowing in the stream channel. First, a reach of the river 
channel / storm drain / tributary / stream channel / etc. is selected. This channel reach 
is established by selecting two transect points along the channel were two cross 
sections are made. The channel reach between the two points, A and B, is considered 
as a stream segment on which the stream measurements would be made. However, for 
optimal results, certain criteria are carefully considered when selecting a suitable 
segment of a stream: 
- Stream segments with a high degree of turbulence are avoided. 
- Stream segments must be of considerable length in the cases where the float method 
is to be used. 
 
A measuring tape is then used to measure both the width of the stream at the two 
established transects and the length of the segment (between two transect points). 
Using a long rope, a transect line is made across the segment at the transect point. The 
entire stream transect is then subdivided into subsections by markings on the rope at 
regular intervals. A vertical flow profile is obtained at the centre of each of these 
subsections. A measuring stick is used to measure the depth of the water column at 
each of these vertical columns beginning from one bank of the section to the opposite 
bank. 
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5.3.5 Stream Velocity Estimations 
This is a measure of the velocity with which water flows in the stream channel.  
Higher velocity streams are more turbulent and they bear sediments that are scoured 
from the stream channel surfaces and carried in suspension or as bed-load 
downstream. Stream velocity changes with seasons; generally increasing during the 
rainy season (Dingman, 2002). Velocity of a stream changes due to frictional 
interference between the bed and bank material and the flowing water (Dingman, 
2002). This implies lower velocities near the bank and bed of the channel and higher 
velocities near the middle of the channel as well as away from the bed and closer to 
the surface of the flowing water. At segments where the stream bank widens or the 
channel deepens, the velocity will generally decrease (Dingman, 2002). 
 
Four approaches can be used in the determination or estimation of stream velocity. 
One approach involves measuring the time it takes for a floating object to cover a 
measured distance in the stream. The second approach involves using a current meter 
that measures velocity directly. The third approach involves the use of an open 
channel flow probe. Lastly, the Manning’s method can be used. The Manning’s 
approach was not used during this study whereas the first three measuring methods 
were used during this study. 
 
Manning’s method estimates flow velocity in the open channel by using Manning’s 
Equation. This is an empirical relationship that can be used to estimate one-directional 
flow velocity in a channel. Manning’s equation is written as in Equation 5.1 when 
parameters are measured in metric units: 
 
v = SRn
2/13/20.1      Equation 5.1 
    
Where, v is flow velocity, S the slope of the channel, P the Wetted Perimeter by water 
in the channel and R the Hydraulic Radius of channel. For metric units, R is in metres, 
S in metre/metre, v in metres/second. 
Manning’s n in equation 5.1 is a coefficient determining the flow resistance in 
channel reach. This coefficient can be derived from flow measurements and it can 
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vary significantly. It can also be computed from the size of the bed material using 
Equation 5.2: 
 
n= d04.0 6/150       Equation 5.2 
     
Where, d50 being the diameter of bed particles (50th percentile or median) in meters  
 
Based on fluid velocity (v) from Manning’s equation, one can estimate discharge 
using the velocity –area method (Equation 5.3): 
Discharge (Q): Q = av×     Equation 5.3 
Where, 
Q  =  discharge, 
v  = flow velocity,  
a  = channel cross-sectional area. 
 
Open channels are not uniform in their morphology; different mathematical 
expressions are therefore applied when computing the respective cross sectional area. 
The following expressions demonstrate how channel area is computed using the 
trapezoidal and rectangular open channels, and full flowing circular and box culverts. 
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In the float method, a number of float exercises were performed to determine stream 
velocity at observed flow paths of the surface layer of the stream flow. The float 
object were released from the upstream cross section and captured at the downstream. 
Efforts were made to use a single floating object during the whole operation in order 
to maintain consistency in float size, and float weight. The floating object was 
released a number of times and the time taken to complete each consecutive float was 
measured using a stopwatch. 
 
The Current Meter consists of a propeller that is rotated by the action of the flowing 
water. The rotation depends on the velocity of the water passing by the propeller. 
With each complete rotation, an electrical circuit is completed and the result is 
translated into the number of counts or the number of revolutions. Velocity for the 
point where the current meter is positioned is determined by the number of 
revolutions made by the propeller in a given time interval. In actual fact, the velocity 
reading displayed by the current meter counter reflects the average velocity of flow in 
the channel noting that flow in the stream is not uniform. In practise, the current meter 
propeller is allowed to take readings at 60 % of the total depth of the sub section over 
a total period of 40 seconds to allow for a good velocity average. 
 
The Global Water Flow Probe is basically an enhanced innovation of the current 
meter. It was used to measure the average water velocity in open channels. It utilises a 
turbo-propeller positive displacement sensor incorporating a special debris shedding 
shroud to prevent fouling of the propeller. To make measurements, the flow probe is 
inserted to a specific depth at the desired measuring point. For channels with greater 
depths, measurements are made by slowly and smoothly moving the probe in an up 
and down direction (vertical motion), to sample an average flow across the water 
column. To collect a reading, the average function was then zeroed and the Flow 
Probe moved vertically from the surface to the bottom, up and down, slowly and 
smoothly for 20 to 40 seconds to obtain a good average. The average velocity for that 
point is a signal collected by a magnetic coil picked up and fed to the integral 
waterproof digital display in m/s. The probe has a telescoping handle that can expand 
to varying lengths. 
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Prior to measuring flow velocity, the stream cross section is divided into subsections 
using a measuring tape which is placed across the stream. A vertical flow profile is 
obtained at the centre of each subsection. Readings were taken near the sides and 
middle of the channel. Each reading lasted for about 20 to 40 seconds to obtain an 
accurate average value that would account for surging. The final average velocity is 
then used to compute discharge in the channel. 
5.3.6 Total Discharge (flow) using Velocity-Area Method 
The product of the width, and depth of a cross section (i.e. the area), and the velocity 
of the stream at the particular cross section gives the discharge through that cross 
section. The discharge of the river is therefore a computation of the total of the 
incremental subsection discharges (Dingman, 2002). Flow in each subsection will be 
the product of the average velocity and the cross-sectional area of the same subsection 
(Equation 5.4). The total stream discharge is computed as the sum of all the 
subsection discharges (Equation 5.5). 
 
i i iQ V A=      Equation 5.4 
         
T i
i
Q Q=∑
     Equation 5.5 
         
Where, 
Qi = discharge at each individual sub section, 
Vi = average velocity over depth, hi, at each subsection, and, 
Ai = area of each subsection (depth hi multiplied by internal width li). 
Total discharge, QT, estimated from the sum of all the discharge from 
individual subsections. 
 
The velocity-area method described above was applied in computing discharge at 
selected sections of Kuils River. 
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5.3.7 Discharge Estimations at Selected Sites in Kuils River Sub Catchment 
5.3.7.1. Sonstraal Stream 
Site Description 
Sonstraal stream is a tributary of the Kuils River with an approximate total length of 
1500m. This stream drains mainly medium density residential areas of Durbanville 
(Sonstraal and Vygeboom). This area forms part of the northern suburbs of the Cape 
Metropole and the area is located in the North West of the Kuils-Eerste River 
catchment. The stream emerges from the Landskrool dam at Vygeboom from where it 
follows a south-easterly direction inside a U-shaped concrete channel to the inlet of 
the Sonstraal Dam. The stream conduit progresses further downstream in a south-east 
direction from the outlet of the Sonstraal dam as a rectangular concrete channel down 
to Dirkie Uys Street from where it follows a natural channel for some 100m to the 
point where it is joined by the Eversdal stream. Eversdal stream emerges from its 
source at Eversdal MDR area, starting as an easterly flowing stream, and then 
following a north-easterly mainly canalised concrete channel draining the southern 
parts of the same residential area as the Sonstraal stream. From their confluence, the 
two streams flow in a natural channel (length 500m) right across Fairtrees Drive 
before emptying into the Kuils River. From the confluence down to the outlet into the 
Kuils River, the channel is densely clogged with reeds that contribute adversely to the 
flow of the water. These channels are mainly fed with water discharged from storm 
drains, draining the surrounding residential areas (roofs, streets and gardens). 
 
The upper reaches of the Sonstraal stream serve as a feeding stream to the Sonstraal 
dam. The dam is used for aesthetic as well as ecological purposes. The dam creates a 
wide-open space reflecting beautiful scenery to the general public and does not show 
any signs of waste dumping around it. The area serves also as a recreation facility for 
the residents of the surrounding areas. Ecologically, the dam serves as a playing and 
feeding ground for ducks and geese that inhabit the area. The stream channel 
continues downstream beyond the reservoir from the dam outlet in a rectangular 
concrete channel. Just as in the Upper levels, this channel is fed at various points by a 
numerous storm runoff outlets that drain the surrounding residential areas. 
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Measurement of Discharge in Sonstraal Stream using Floating Methods 
As described above, the Sonstraal stream channels are very narrow in areas where 
they are easily accessible. Current meters could not be used because of the low flow 
levels in these channels. As a consequence of this, the float method was considered 
since it is particularly useful for unimpeded overland flows, gutter flows, and even 
narrow open channel flows. During the maiden outing for stream flow measurements, 
it was never expected that flow levels would be so low (not able accommodate the 
current meter) so compromises were made with leaf floats. A wet plant twig was used 
as floating object in the stream. The procedure for measuring flow rate in this method, 
involves measuring the length of the channel between two point A upstream and B 
downstream. The depth of the flow and the width of the water flow at the point B 
were noted. The twig was let to float from point A and timed as it floats towards point 
B downstream for a number of times and the time intervals during each float session 
between these two points were noted. From the times it uses to cover the distance, the 
average time was calculated. The stream discharge was calculated using the Velocity–
Area Approach: 
 
2arg ( ) ( ) ( / )Disch e Q Area m xVelocity m s=   Equation 5.6 
 
The results that were achieved from three separate measurements on the upper and 
downstream sections of the Sonstraal and Fairtrees streams are expressed in Tables 
5.3 to 5.14: Upstream of the Sonstraal dam (Table 5.3, 5.5 and 5.7), Downstream of 
Sonstraal dam (Tables 5.4, 5.6 and 5.8), Upstream at Fairtrees (Tables 5.1 and 5.12) 
and Downstream of Fairtress in Table 5.14. The results from all the above 
measurements show that discharge increased downstream as compared to upper 
sections of the flow regimes. This could be the result of subsurface seepage into the 
channels and also the results of input from other drainage outlets. 
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Table 5.3. Table showing calculated discharge in the Upper Sonstraal Channel on 18 July 2007. 
      Subtransects Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Point m/s (mm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 0.77 3.5 0.0035 0.33 0.0033 1.17x10-05 8.98 x10-06 8.98 x10-06 
2 0.77 4.0 0.0040 0.33 0.0033 1.33x10-05 1.03 x10-05 1.93 x10-05 
3 0.77 8.0 0.0080 0.33 0.0033 2.67x10-05 2.05 x10-05 3.98 x10-05 
4 0.77 10.0 0.0100 0.33 0.0033 3.33x10-05 2.57 x10-05 6.55 x10-05 
5 0.77 11.0 0.0110 0.33 0.0033 3.67x10-05 2.82 x10-05 9.37 x10-05 
6 0.77 10.0 0.0100 0.33 0.0033 3.33x10-05 2.57 x10-05 1.19 x10-04 
7 0.77 5.0 0.0050 0.33 0.0033 1.67x10-05 1.28 x10-05 1.32 x10-04 
8 0.77 4.0 0.0040 0.33 0.0033 1.33x10-05 1.03 x10-05 1.42 x10-04 
9 0.77 3.5 0.0035 0.33 0.0033 1.17x10-05 8.98 x10-06 1.51 x10-04 
 
Table 5.4. Table showing calculated discharge in the Lower Sonstraal Channel on 18 July 2007. 
Subtransects Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Point m/s (mm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 0.49 12.5 0.0125 5.2 0.052 6.50 x10-04 3.19 x10-04 3.19 x10-04 
2 0.49 9.5 0.0095 5.2 0.052 4.94 x10-04 2.42 x10-04 5.61 x10-04 
3 0.49 7.5 0.0075 5.2 0.052 3.90 x10-04 1.91 x10-04 7.52 x10-04 
4 0.49 5.5 0.0055 5.2 0.052 2.86 x10-04 1.40 x10-04 8.49 x10-04 
5 0.49 3.5 0.0035 5.2 0.052 1.82 x10-04 8.92 x10-05 9.81 x10-04 
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Table 5.5. Table showing calculated discharge in the Upper Sonstraal Channel on 26 July 2007 
Sub Length Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Transect (m) secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
A(centre) 3.28 1.87 1.754 10.0 0.100 30.00 0.30 0.030 0.053 0.053 
B (left) 3.28 1.87 1.754 7.0 0.070 30.00 0.30 0.021 0.037 0.089 
C (right) 3.28 1.87 1.754 8.0 0.080 30.00 0.30 0.024 0.042 0.132 
 
 
Table 5.6. Table showing calculated discharge in the Lower Sonstraal Channel on 26 July 2007. 
Sub Length Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Transect (m) secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
A(centre) 3.55 1.266 2.805 13.0 0.130 30.00 0.30 0.039 0.109 0.109 
B (left) 3.55 1.266 2.805 4.0 0.040 30.00 0.30 0.012 0.034 0.143 
C (right) 3.55 1.266 2.805 5.0 0.050 30.00 0.30 0.015 0.042 0.185 
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Table 5.7. Table showing calculated discharge in the Upper s Sonstraal Channel on 27 July 2007 
Sub Rev Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Transect  secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 286 40.0 4.812 4.0 0.040 30.00 0.30 0.012 0.058 0.058 
2 433 40.0 7.282 10.0 0.100 30.00 0.30 0.030 0.218 0.276 
3 238 40.1 3.995 6.5 0.065 30.00 0.30 0.020 0.078 0.354 
 
 
Table 5.8. Table showing calculated discharge in the Lower Sonstraal Channel on 27 July 2007 
Sub Rev Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Transect  secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 436 40.0 3.128 6.0 0.060 26.00 0.26 0.016 0.049 0.049  
2 755 40.0 12.693 8.0 0.080 26.00 0.26 0.021 0.264 0.313 
3 782 40.0 13.147 10.0 0.100 26.00 0.26 0.026 0.342 0.655 
 
 
 
 
119 
 
5.3.7.2. Flow Measurements in Culvert on Fairtrees Drive Durbanville 
Site Description 
The stream on which flow measurements were done is situated close to the 
headwaters of the Kuils River. It is a perennial stream taking its rise from a water 
reservoir located on the Durbanville Golf Course. The stream flows in a natural 
channel with a high density of reeds and it cuts through open flat grassland areas 
beyond which the Medium Density Residential suburbs of Durbanville are situated. 
Surface runoff ending up in the stream may therefore originate from these residential 
areas as well as from the grass fields around it. Before the stream enters into the Kuils 
River, it crosses Fairtrees Drive in Durbanville, a major entrance route into the 
suburbs. The tunnel through which the stream flows is a concrete channel consisting 
of two parallel conduits (Figure 5.10). The dimensions of the channel segments 
chosen to measure flow are given in Table 5.9. The culvert was considered to be a 
perfect point for stream flow assessments because it has a perfect geometry and flow 
in it was very smooth since it had no vegetation that could obstruct the flow. 
 
Although the stream levels were quite high (in excess of 10cm) and perfect for using 
the flow meters in it, the latter could not be used because it could not fit inside the 
culvert. The only alternative method to use under the circumstances was the float 
method. 
 
 
 
Flow direction 
2
1
2.13m
2.16 m 
Figure 5.10. Illustration of the Concrete channel (culvert) separated into
two parallel conduits (sketch not to scale). 
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Table 5.9. Channel geometry of the selected channel segment 
 
Parameters Tunnel 1 Tunnel 2 
Width (m) 2.13 2.16 
Length (m) 4.52 3.03 
Depth (m) 0.16 0.16 
   
 
Assessing Suitability of Choice of Float Object 
Table 5.10 contains the float times that were recording when two sets of floats (a fresh 
plant twig and a plastic bottle) were used during stream velocity measurement. The 
results show that the bottle float took less time to cover a designated distance as 
compared to the leaf twig. 
Table 5.10. Table showing comparison of the total time (in seconds) that was 
recorded after using the two different float items. 
Floats No  Plastic Bottle* 
Time (sec) 
Fresh Plant Twig 
Time (sec) 
1 7.17 10.20 
2 9.71 14.03 
3 6.00 7.78 
4 7.58 8.78 
Average Time  7.62 10.19 
*A plastic bottle was chosen in an attempt to incorporate / integrate buoyancy effects 
since the twig basically floated on the surface. 
 
It was later realized that the choice of a bottle for floating purposes was not 
appropriate since the surface area exposed was greater than the total surface area 
submerged. A large bottle size also offered significant frictional surface that 
interacted with passing air thereby influencing motion of the bottle. Such a condition 
would compromise the results of the experiment. It was therefore decided that the 
results produced by a fresh plant twig be considered since they reflected more of the 
surface stream conditions without the external influences. 
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Discharge Estimates Obtained from Culvert on Fairtrees Drive Durbanville 
Table 5.11. Table showing the calculated discharge in Tunnel 1 of the culvert on Fairtrees Drive, Durbanville Area using a plant twig as 
float. Date: 27 July 2007 
Sub 
transect Length Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Point (m) secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 4.52 14.1 0.321 16.0 0.160 53.25 0.53 0.085 0.027 0.027 
2 4.52 19.8 0.229 16.0 0.160 53.25 0.53 0.085 0.019 0.047 
3 4.52 13.7 0.331 16.0 0.160 53.25 0.53 0.085 0.028 0.075 
4 4.52 17.9 0.253 16.0 0.160 53.25 0.53 0.085 0.022 0.097 
Table 5.12. Table showing the calculated discharge in Tunnel 2 of the culvert on Fairtrees Drive, Durbanville Area using a plant twig as 
float. Date: 27 July 2007 
Sub 
transect Length Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Point (m) secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 3.03 10.2 0.297 16.0 0.160 54.00 0.54 0.086 0.026 0.026 
2 3.03 14.0 0.216 16.0 0.160 54.00 0.54 0.086 0.019 0.044 
3 3.03 7.8 0.389 16.0 0.160 54.00 0.54 0.086 0.034 0.078 
4 3.03 8.8 0.345 16.0 0.160 54.00 0.54 0.086 0.030 0.108 
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Table 5.13. Table showing the calculated discharge in Tunnel 2 of the culvert on Fairtrees Drive, Durbanville Area using a plastic bottle 
as float. Date: 27 July 2007 
Sub 
transect Length Time Vel. Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Point (m) secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 3.03 7.2 0.423 16.0 0.160 54.00 0.54 0.086 0.037 0.037 
2 3.03 9.7 0.312 16.0 0.160 54.00 0.54 0.086 0.027 0.063 
3 3.03 6.0 0.505 16.0 0.160 54.00 0.54 0.086 0.044 0.107 
4 3.03 7.6 0.400 16.0 0.160 54.00 0.54 0.086 0.035 0.142 
 
Table 5.14. Flow Meter discharge in a natural segment that is located about 20 metres downstream of the Culvert on Kuils River 
tributary. Date 27 July 2007 
Sub  Rev Time Vel.* Depth Depth Width  Width  Area  Discharge Cum.Disch. 
Transects secs m/s (cm) (m) (cm) (m) (m2) (m3/s) (m3/s) 
1 25 41.3 0.412 11.0 0.110 12.857 0.129 0.014 0.006 0.006 
2 30 40.4 0.505 18.3 0.183 12.857 0.129 0.024 0.012 0.018 
3 113 40.0 1.904 24.0 0.240 12.857 0.129 0.031 0.059 0.076 
4 283 40.9 4.749 26.2 0.262 12.857 0.129 0.034 0.160 0.236 
5 262 40.0 4.408 26.0 0.260 12.857 0.129 0.033 0.147 0.384 
6 71 40.4 1.187 18.0 0.180 12.857 0.129 0.023 0.027 0.411 
7 13 41.7 0.215 13.4 0.134 12.857 0.129 0.017 0.004 0.415 
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5.3.7.3. Flow Measurements in a Canalised Section of the Kuils River 
Site Description 
The segment where the measurements were undertaken is located just downstream of 
the point where the river crosses the main commercial avenue in Kuils River (van 
Riebeeck Street). A point where a low footbridge crosses the river was selected as the 
most suitable point for such stream measurements. The length of the footbridge is 960 
cm and this exactly matches the width of the channel. Flow measurements were taken 
randomly but carefully to evaluate the differences in flow during and after a brief 
period of rainfall. The stream water appeared clear (low turbidity) most of the time 
but a bad odour was noticed. The cross sectional view of the stream channel reveals a 
trapezoidal-shaped channel constructed of concrete (Figure 5.11). The longer parallel 
(top side) of the shape measuring 960 cm, and the side (bottom corner to levee top) 
measured 230 cm in length. 
 
 
 
 
 
Flow measurements were made using the current meter. Readings were easily read off 
a digital counter connected to the current meter. The following section briefly 
describes the procedure used during data capture on the 13 and 14 August 2007. Data 
collected on 13 August represent a situation where water levels in the river were at a 
minimum (baseflow) whereas; the data collected for the 14 August is a representation 
of the response of stream discharge to overnight precipitation that occurred thereafter. 
During both occasions, (August 13 and 14), the cross sectional length of the stream 
section (960 cm) was divided into 9 equal subsections of 106cm (1.06m) width each. 
230cm 
11cm 27cm 
960cm 
Stream Surface 600 cm 
Figure 5.11. Schematic representation of the measured geometry of the Kuils
River concrete canal as seen on 13 August 2007. 
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These subsections were progressively numbered across the river using marks made on 
the concrete bridge from the left to the right bank. The average velocity of flow and 
the water depth in each of these subsections were then measured using the current 
meter and a measuring rod. The average velocity and the depths across the channel 
profile were then used to compute total discharge in the channel during the time of 
measurement. The results of flow from the 13 and 14 August 2007 are shown in 
Tables 5.15 and 5.16 respectively. The average flow velocity is expressed in metres 
per second, which is the number of revolutions (spins) of the propelling current meter 
during a particular time interval (expressed in seconds), and the depths of the channel 
have all been indicated in the tables. The results show that, discharge increased on the 
14 August after some overnight rain event. Typical measurements on the 14 of August 
2007 showed the stream depth (vertical height from the base to the water surface) was 
11 cm and length of the inclined side (measured from the bottom corner to the stream 
surface) was measured giving 27 cm in length. 
 
Table 5.15 expresses the total discharge at the measuring point prior to any 
precipitation. It is therefore assumed that, these results reflect stream discharge 
contributed by sub surface water or base flow through the riverbanks. Table 5.16 
shows measurements taken after some overnight rainfall from unofficial sources 
indicated about 17mm. (Scheepers, personal communication). These results show that 
there was an increase of approximately 44 m3/s in the rate of discharge after the 
overnight rainfall. This was also confirmed by the observed increase in turbidity as a 
result of increase in discharge. These records therefore reflect stream discharge after a 
recorded amount of precipitation had fallen further upstream in the catchment. 
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Table 5.15. Stream flow measurements recorded on a canalised section of the Kuils River during a period of low discharge (natural flow). 
 
Date Sample pt Depth (m) Width 
(m) 
Revolutions (s) Time (s) Velocity (m/s) Discharge (m3/s) Cumm. 
Discharge 
(m3/s) 
1
3
-
A
u
g
-
0
7
 
1 0 1.067 0 0 0.00 0.00 0.00 
2 5 1.067 25 40.7 2.07 11.04 11.04 
3 14 1.067 27 40 2.28 34.02 45.06 
4 15 1.067 61 40.4 5.08 81.28 126.34 
5 15 1.067 107 40.2 8.95 143.22 269.55 
6 14 1.067 51 40.7 4.22 62.97 332.53 
7 13 1.067 51 40.2 4.27 59.20 391.72 
8 0 1.067 0 0 0.00 0.00 391.72 
9 0 1.067 0 0 0.00 0.00 391.72 
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Table 5.16. Stream flow measurements recorded on the same canalised section of the Kuils River on the morning following overnight 
rainfall. 
 
Date Sample point Depth (m) Width 
(m) 
Revolutions (s) Time (s) Velocity (m/s) Discharge 
(m3/s) 
Cumm. 
Discharge (m3/s) 
1
4
-
A
u
g
-
0
7
 
1 0 1.067 0 0 0.00 0.00 0.00 
2 29.5 1.067 96 40.1 1.62 50.82 50.82 
3 37 1.067 82 40.2 1.38 54.35 105.16 
4 37.5 1.067 125 40.1 2.10 84.04 189.20 
5 38 1.067 129 40.1 2.17 87.88 277.08 
6 38 1.067 111 40 1.87 75.84 352.92 
7 35 1.067 100 40.2 1.68 62.65 415.56 
8 17 1.067 69 40.2 1.16 21.02 436.58 
9 0 1.067 0 0 0.00 0.00 436.58 
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5.4 Conclusions 
In the absence of stream flow data from any readily available source, the presented 
data is considered as the only reliable data useful for any future model evaluation. The 
data has been relatively easy to obtain or generate and it is expected to be useful for 
model calibration but its use in other hydrologic analysis like constructing a rating 
curve whereby the discharge could be related to a particular rainfall amount is limited 
because of the limited number of sampled records. This data is useful for 
understanding the behaviour of stream discharge in open flow channels, obtaining 
water depth estimations and stream velocity estimations that would eventually enable 
the calculation of pollutant loads. Different methods for determining flow velocity 
have been experimented with and tested for use in determining discharge. Of 
significance was the relatively closeness of values for stream velocity obtained using 
the three approaches explained earlier. Despite the differences in flow velocity 
resulting from the use of different floats, velocity was in either case very low and 
oscillated below 1 m/s. 
 
Additional study of the variations in flow velocity and discharge for different sections 
of the Kuils River and for different channel morphologies as well as channel densities 
may be useful information for future prediction of discharge concentration times 
which is a major factor that is associated with flood hazards. Tables 5.17 to 5.20 
summarize the computed flow rates, discharge volumes and the respective pollutant 
fluxes in the experimented sites (i.e. Sonstraal, Fairtrees, and channelized Kuils River) 
described in the previous sections. 
Chapter five dealt in detail with the methodology used to gather information on the 
flow characteristics of the Kuils River. In the following chapter the focus shifts 
towards an assessment of the water quality of stream flows. 
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Table 5.17. Annual discharge from selected sites in the Kuils River catchment. 
 
Catchments Date Discharge (m3/s) Discharge (Litres/Year) Data Source
Sonstaal Upper 18.05.2007 1.51x10-4 4761936 Table 5.3
Sonstaal Lower 18.05.2007 9.8 x 10-4 30905280 Table 5.4
Sonstaal Upper 26.07.2007 0.132 4162752000 Table 5.5
Sonstaal Lower 26.07.2007 0.185 5834160000 Table 5.6
Sonstaal Upper 27.07.2007 0.354 11163744000 Table 5.7
Sonstaal Lower 27.07.2007 0.655 20656080000 Table 5.8
Fairtrees Dr 27.07.2007 0.205 6464880000 Table 5.11 & 5
Fairtrees Dr downstream 27.07.2007 0.415 13087440000 Table 5.14
Kuils R (channelised) 13.08.2007 391.72 1.23533E+13 Table 5.15
Kuils R (channelised) 14.08.2007 436.58 1.3768E+13 Table 5.16
Annual Discharge Computations for Selected Points of Measurement
 
 
Table 5.18. Estimated concentration of pollutants at the selected sites in the Kuils River catchment. 
 
Date Catchments Total P Total N Nitrate Chloride DO COD TSS Data Source 
(mg/l) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) & IDs
18-Jul-07 Sonstaal Upper (Inlet) 0.12 284 0.69 239.2 6.8 38 10 KR 2004b
18-Jul-07 Sonstaal Lower (Outlet) 0.08 265 0.82 112.2 6.8 22 9 KR 2004a
26.07.07 Sonstaal Upper (Inlet) 0.07 431 0.35 48.35 8.2 40 20 Sample 9
26.07.07 Sonstaal Lower (Outlet) 0.07 353 0.26 103.61 7.8 50 6 Sample 8
27-Jul-07 Sonstaal Upper (Inlet) 1.31 583 0.37 90.66 5.6 73 2 Sample 1
27-Jul-07 Sonstaal Lower (Outlet) 0.06 407 0.36 96.71 6 49 26 Sample 2
27-Jul-07 Fairtrees Dr Durbanville 0.17 351 1.87 115.7 8 51 28 Sample 3
27-Jul-07 Fairtrees Dr (downstream) 1.41 460 0.35 94.98 7.8 76 22 Sample 4
13-Aug-07 Kuils R (channelised) 0.14 461 2.59 172.9 8.4 44 10 KR 3
Estimated Concentration of Pollutants in Selected Open Channels
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Table 5.19. Pollutant loading rate measured per second. 
Catchments Date Discharge (L/s) P Flux (mg/s)  N(mg/s) Nitrate(mg/s) Chloride(mg/s) DO (mg/s) COD (mg/s) TSS (mg/s)
Sonstaal Upper 18.05.2007 0.151 0.01812 42.884 0.10419 36.1192 1.0268 5.738 1.51
Sonstaal Lower 18.05.2007 0.98 0.0784 259.7 0.8036 109.956 6.664 21.56 8.82
Sonstaal Upper 26.07.2007 132 9.24 56892 46.2 6382.2 1082.4 5280 2640
Sonstaal Lower 26.07.2007 185 12.95 65305 48.1 19167.85 1443 9250 1110
Sonstaal Upper 27.07.2007 354 463.74 206382 130.98 32093.64 1982.4 25842 708
Sonstaal Lower 27.07.2007 655 39.3 266585 235.8 63345.05 3930 32095 17030
Fairtrees Dr 27.07.2007 205 34.85 71955 383.35 23718.5 1640 10455 5740
Fairtrees Dr downstream 27.07.2007 415 585.15 190900 145.25 39416.7 3237 31540 9130
Kuils R (channelised) 13.08.2007 391720 54840.8 180582920 1014554.8 67728388 3290448 17235680 3917200
Kuils R (channelised) 14.08.2007 436580 113510.8 210868140 270679.6 31861608.4 3448982 14843720 30997180
Pollutant Flux in the stream channel (mg/s)
 
 
Table 5.20. Annual pollutant loads computations for the selected sites. 
Date Discharge Discharge P Flux N Flux Nitrate Flux Chloride Flux DO Flux COD Flux TSS Flux
 (m3/s)  (Litres/Year) (kg/annum) (kg/annum) (kg/annum) (kg/annum) (kg/annum) (kg/annum) (kg/annum)
18.05.2007 0.000151 4761936 571.43232 1352389.824 3285.73584 1139055.091 32381.1648 180953.568 47619.36
18.05.2007 0.00098 30905280 2472.4224 8189899.2 25342.3296 3467572.416 210155.904 679916.16 278147.52
26.07.2007 0.132 4162752000 291392.64 1794146112 1456963.2 201269059.2 34134566.4 166510080 83255040
26.07.2007 0.185 5834160000 408391.2 2059458480 1516881.6 604477317.6 45506448 291708000 35004960
27.07.2007 0.354 11163744000 14624504.64 6508462752 4130585.28 1012105031 62516966.4 814953312 22327488
27.07.2007 0.655 20656080000 1239364.8 8407024560 7436188.8 1997649497 123936480 1012147920 537058080
27.07.2007 0.205 6464880000 1099029.6 2269172880 12089325.6 747986616 51719040 329708880 181016640
27.07.2007 0.415 13087440000 18453290.4 6020222400 4580604 1243045051 102082032 994645440 287923680
13.08.2007 391.72 1.23533E+13 1729459469 5.69486E+12 31995000173 2.13588E+12 1.03768E+11 5.43544E+11 1.23533E+11
14.08.2007 436.58 1.3768E+13 3579676589 6.64994E+12 8536151866 1.00479E+12 1.08767E+11 4.68112E+11 9.77527E+11
Accumulated Load (kg/year)
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CHAPTER  6 WATER QUALITY ASSESSMENT OF STREAM 
FLOWS 
6.1 Introduction 
The water quality of a catchment depends on its catchment characteristics such as 
Kuils-Eerste River, slope, and soil impurities. Among these characteristics, Kuils-
Eerste River can be manipulated to improve water quality. These Kuils-Eerste River 
types can serve as nutrient detention media or as nutrient transformers as dissolved or 
suspended nutrients move towards the stream and it is subject to real time alteration. 
A lot of effort was put in to ensure that the monitoring exercise in the Kuils River 
catchment was continuous. The purpose of keeping the continuity in the monitoring 
exercise is to obtain reliable hydrologic water quality data throughout the catchment 
for use by resource management planners to develop sustainable catchment 
management alternatives based on scientific data. 
 
The following section includes a description of the methodology that was used to 
sample stream water in open channels and a database of continuous data that were 
accumulated from the analysis of samples that were collected every fortnight over a 
period of one month (October) during 2007. Based on the analysis of data collected 
during such a sampling initiative, some judgement could be made on the following 
aspects relating to the water quality assessment of catchment systems: 
The average distribution of chemical fluxes (pollutant loading) in the catchment could 
either be uniform or varied in character depending on the catchment conditions. 
The data would help in addressing few questions on the situation in the tributaries of 
Kuils River as compared to the main Kuils River stream. 
The data would also aid in the understanding of the variations in concentration as 
against changes in the stream flow. One can notice the peak values in the data records 
and come up with different reasons for such trends. 
6.2 Sample Collection and Analysis Methodology 
The procedures followed herein reported for the sample collections are related to the 
type of parameters that were monitored and the conditions for which grab sampling 
was required. The collection of samples was conducted at an uninterrupted interval of 
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seven/eight days throughout the month. The main objective was to determine whether 
the sample information would characterize the water chemistry at a given time and 
reveal the pattern of pollutant loading along the course of the river bearing in mind 
that the course of the river runs through different land use types as detailed in the land 
use map developed for the catchment from source to mouth. At each sampling site 
physical parameters like temperature, pH and electrical conductivity were measured in 
situ alongside DO concentrations using the Sension156 Multiparameter probe. 
Automatic samplers could not be used due to the fact that the security of the 
equipment could not be secured. The river flows through urbanized sections of the 
catchment and this poses a risk to the safety of such precious equipment thereby 
hampering sampling in a continuous period of time. Due to the above short-coming, 
the constant-time-constant volume sampling approach was used as an alternative 
option. 
 
For the purpose of collecting water quality data, sample points were identified and 
selected along the course of the Kuils River based on an inspection of the 
topographical map and site visits. Significant tributary inputs to the Kuils River were 
found to include inflows ranging from storm water input from urban sub catchment to 
agricultural runoff from the farming areas. The majority of the tributaries to the river 
are storm water inputs, which are dry for significant periods of the year and contribute 
minimal flows for the remainder of the wet season. 
 
Discrete grab sampling was done on a weekly basis during the month of October in 
2007. In total, 44 water samples were collected from five different independent points 
over the one month period. 
 
The manual grab sample collection method was achieved by inserting a container 
under water with the container facing upstream at the same time avoiding to stir up 
bottom sediments in the channel. Generally, very simplified equipment and procedure 
were used. Containers were labelled before sampling the rivers’ waters, and a cooler 
box was available to store the samples as sampling continued along the river course. 
This procedure was undertaken while ensuring that the manual grab samples were 
representative samples of the stream water. This was achieved by following the 
following protocol for sampling: 
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The containers were carefully handled to avoid contaminating the insides and making 
sure the sample did not contain floating debris. The transfer of samples from container 
to container was avoided and the plastic bottles were filled to the brim and sealed tight 
to avoid any space for volatility. No preservatives were added while sampling as the 
contracted laboratory did not request for such a major. 
 
Efforts were made to maintain consistency by always collecting a series of aliquots 
from the source to the mouth of the river on a two week interval and close to the same 
time as possible. For the sample analysis, standardized methods were used in the 
contracted laboratory by qualified personnel. 
 
Data quality assessment is still as yet to be undertaken and it is envisaged that 
statistical testing should be performed on performance claim data to ensure that the 
data is reliable, significant and confident. The distributed data sets will have 
parametric analysis done, e.g., mean, standard deviation and confidence interval and 
the standard deviations should be no greater than plus or minus 10% for efficiency 
data. 
 
Additional data collected for each site include the GPS location, measurement of pH 
and Electrical Conductivity and temperature of the water at the time of sampling. The 
sampling was done using the portable multi-parameter meter (Sension 156 pH 
Electrode, a general purpose pH measurement instrument). It is a Gel-filled pH 
Electrode with temperature probe. 
 
The theory of conductivity measurement is dependent on our understanding of what 
conductivity is. It is defined as the ability of a material to conduct current; in this case 
the water samples that were collected had to be tested for this parameter. Positive and 
negative ions in a solution will move to the oppositely charge electrode when 
electricity charge is applied to the solution, thus conducting current. In addition to the 
current applied, ion movement is affected by the solvent properties (temperature, 
viscosity) and the physical properties of the ion (size, charge, concentration). As 
temperature increases, ions move faster and conduct more current and as viscosity 
increases, the ions move slower and conduct less current. 
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6.3 Sample Site Identification and Selection Procedure 
The selection of the sites on which samples were taken was based on the information 
from the topographical maps that cover the total catchment drawn to 1:50 000 scales. 
Each site was chosen on the basis of the characteristics of the land use that were 
observed to be defining the environs of the site. The number of locations to be 
monitored depended on the size and complexity of the drainage basin. In addition, the 
frequency of sampling at each location was considered. A typical approach for 
selecting stream monitoring locations used in this kind of study is summarized below: 
 
(i) Examination of the results of previous monitoring to identify the locations that 
had pollutant concentrations near or above their respective water quality 
criteria. List the specific pollutants of concern associated with each of these 
monitoring locations.  
(ii) Review of published literature to identify the typical source(s) for each 
pollutant of concern. 
(iii) Review of available information for each catchment area and identify any 
likely source areas for the observed pollutants. 
(iv) Conduct wet- and dry- weather inspections of the storm water conveyance 
system in the catchment area. 
(v) Conduct storm water monitoring. Select monitoring locations upstream and 
downstream of the likely potential source areas identified. 
 
Visual inspection of segment of the Kuils River channel was conducted. After 
identifying a tributary, the various activities that occurred within the catchment were 
identified for potential sources of pollutants. The extent to which these activities 
accounted for the observed pollutants was also verified. This process was continued 
until representative sites of the probable source(s) of the observed pollutant(s) had 
been identified. 
 
In general, monitoring sites were chosen as close as possible to the suspected sources. 
This approach would reduce the chance of pollutants released from the source getting 
diluted during monitoring. Additionally, locations were selected where sampling and 
flow measurement could be conveniently and safely obtained. Since it was not 
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possible to monitor all sites, only selected locations that align with the highest priority 
information needs were considered. 
 
A total of five sample sites were selected for sampling in the Kuils River channel 
(Figure 6.1). Table 6.1 contains the site descriptions of all stream sampling sites and 
their selection criteria have been explained to detail. Tables 6.2 and 6.3 show results 
that were obtained after the samples that were collected were sent to the analytical 
laboratory for analysis. 
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Figure 6.1. Selected stream sample collection points on the Kuils River channel. 
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Table 6.1. Sampling Sites along the Kuils River Course and their Characteristics 
 
Sites GPS 
Coordinates 
Characteristics of the area around the sampling point 
Site 
1 
S33.85765 
E18.66770 
Site 1. This site is within the environment of the source area of 
the river system. The areas being drained include Golf courses, 
a commercial centre under construction, medium density 
residential areas of Durbanville and its environs. The criteria 
upon which the site number one was based included among 
other factors, the proximity to residential areas, open land and 
the golf course to the north of the site. Of interest though is the 
construction work that is taking place close to this site along 
De Bron road. The site is predominantly residential. The 
samples were collected close to the bridge along De Bron road 
upstream of the Kuils River. 
Site 
2a 
S 33.92229 
E18.67576 
Site 2a. The second site was selected on the basis of the 
contribution likely to be made from the residential areas 
around Kuils River. This site is located in the canalised 
segment of the river to the west of Van Riebeeck road. Of 
interest was the need to assess the contribution from the 
industrial area that lies to north of the sampling point in 
contrast to the first site which was predominantly residential 
area. At this site also is located a well established commercial 
centre with vast parking ground. The sample point is at a foot 
bridge some 100 m upstream the confluence with the Bottelary 
River. Stream water levels are visibly low, with lots of green-
brown algae flourishing and are accompanied with a strong 
foul smell being emitted. Upstream are Medium Density 
Residential (MDR) areas and some commercial concerns. 
Generally, the area on the right bank of the river is heavily 
impervious due to the built up structures that make up the 
commercial centre of Kuils River commercial centre.  
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Site 
2b 
S 33.92360 
E 18.67599 
Site 2b. The second point from where a sample was taken is on 
the Bottelary River. The sample was collected at a point 5m 
before the tributary empties its waters into the Kuils River. It 
should be noted that this section of the river is canalised with 
concrete. The source of surface flow is also the same as the 
other point registered above. 
Site 
2c 
S33.92508  
E 18.67585 
Site 2c. The third sample was collected about 200m 
downstream of the confluence of the Kuils River and Bottelary 
River. Upstream of this site is a Sarepta MDR residential zone 
on the left bank of the main river and to the right bank is the 
commercial centre where a number of commercial activities 
are available. 
Site 
3a 
S34.01249  
E 18.67388 
Site 3a. The third site is situated along Old Faure road to the 
south west of Mfuleni. This was considered an ideal site for 
sampling in order to capture the water quality attributes as the 
land use was predominantly residential but of a different class 
as compared to the first site. This is an informal settlement and 
the contribution would probably be of a different magnitude 
and dimension This is by the confluence of Kuils river and a 
tributary that is draining the informal and other residential 
areas close to the Mfuleni settlements. This site is just by the 
road side and after the confluence the area is open bushy 
vegetation covered and animal grazing is evident in this zone, 
where both cattle and goats are reared. Low water volumes and 
clear waters characterise the site. 
Site 
3b 
S 34.01246 
E 18.67338 
Site 3b. This site is located on Kuils River and it was sampled 
at a point just upstream of the confluence with the tributary 
outlet of small stream draining Mfuleni Informal residential 
area and its environs. Very turbid water with physical evidence 
of a lot of suspended particles emanating possibly from sand 
and other debris from a Cape reserve open area. Cape reserve 
is mainly scrub vegetation on ancient sand dunes. 
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Site 
3c 
S34.01265 
E18.6733 
Site 3c. The third sampling point on this site is located 
downstream after the confluence with the tributary from the 
informal residential areas of Mfuleni. The mixing of the waters 
results in highly turbid waters flowing down stream. A lot of 
suspended solid particles, possibly contributions from the 
ancient sand dunes/low open scrubland in the Cape Reserve 
can be seen floating down stream. As indicated above the main 
human activities of this zone include among other cattle and 
goat rearing. It is also one zone where the informal residential 
area is within the close distance of the site. 
Site 
4 
S34.02936 
E18.73057 
Site 4. The fourth site was chosen on the basis of its 
characteristics of being a highly anthropogenic zone of the 
tributary of Kuils River. It has its source in the informal 
settlement but passes through a vineyard. The site is generally 
referred to as the Canal sample site. It is located within an 
open area without any interference with human settlement, 
thought visible evidence of anthropogenic activities indicate 
that a lot of environmental alterations of the environs have 
taken place. The vegetation is sparse and the channel is 
clogged with solid pollutants that have been brought down the 
course of the river when discharge is high. Canal draining 
typically the Eersterivier residential area and environs. The 
channel is highly polluted with large quantities of solid waste 
dumped into the channel. Green-brown algae are growing in 
channel also. 
 
 
 
 
 139
Site 
5 
S34.05468 
E18.73314 
Site 5. The last site is located in an open farming environment 
and is a summation of all the characteristics noted from the 
source to the mouth of the river. This site is located at 
Sandsvlei an informal settlement with main human activity 
being livestock farming. A few meters downstream of this 
sampling point is the confluence with the Eerste River. 
Physical evidence of eutrophication is observed around this 
site. Also evident is the presence of aquatic vegetation 
flourishing in the channel. The water appearance is very clear, 
possibly due to the filtering through the marsh area upstream 
and role played by in-stream vegetation. Human activity 
around the site is farming where the rearing of Livestock is 
quite evident around the Sandsvlei settlement. 
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Table 6.2. Database of analysed Kuils River sample. 
Site Reference Lab. NO3-N Cl TSS P N COD
Site No. No. mg/l mg/l mg/l mg/l mg/l mg/l
02/10/2007 1 KR07100201 14351 1.96 208.5 6 0.09 412 33
 Week 1 2a KR07100202 14352 1.66 189.4 8 0.07 270 43
2b KR07100203 14353 4.91 179 25 1.02 467 57
2c KR07100204 14354 5.06 185.9 15 1 246 56
3a KR07100205 14355 3.25 243.3 12 0.09 1542 58
3b KR07100206 14356 4.84 134.7 8 2.55 1335 29
3c KR07100207 14357 2.54 145.1 44 0.16 866 32
4 KR07100208 14358 0.56 149.4 66 3.29 278 56
5 KR07100209 14359 0.29 147.7 58 3.25 441 44
03/10/2007 1 KR07100303 14362 3.97 132.1 36 0.82 701 58
 Week 1 2a KR07100304 14363 4.86 167.8 13 1.14 519 71
2b KR07100305 14364 2.27 59.1 15 0.12 454 8
2c KR07100307 14366 1.43 130.3 36 0.23 412 54
3a KR07100308 14367 0.75 107.7 174 2.62 349 59
3b KR07100309 14368 0.32 106.9 151 3.05 704 57
3c KR07100310 14369 5.94 117.3 11 0.36 726 58
4 KR07100311 14370 3.73 139.9 20 0.17 487 56
5 KR07100312 14371 4.32 134.7 13 2.53 526 57
10/10/2007 1 KR0 7101001 15076 0.48 152.9 7 0.07 597 47
 Week 2 2a KR0 7101002 15077 0.51 177.2 16 1.13 498 60
2b KR0 7101003 15078 0.54 174.6 18 0.13 627 54
2c KR0 7101004 15079 0.51 169.4 10 1.43 738 62
3a KR0 7101005 15080 0.63 165.1 20 0.21 794 26
3b KR0 7101006 15081 4.62 149.4 70 2.82 731 54
3c KR0 7101007 15082 5.84 157.2 55 3.01 572 55
4 KR0 7101008 15083 1.72 229.4 14 0.04 955 49
5 KR0 7101009 15084 0.64 139 16 1.9 709 33
 16/10/2007 1 KR 07101601 16237 1.25 198.1 3 0.16 451 13
 Week 3 2a KR 07101602 16238 5.1 187.7 10 1.38 307 64
2b KR 07101603 16239 1.69 176.4 9 0.18 324 63
2c KR 07101606 16242 1.44 172.9 22 0.26 274 54
3b KR 07101607 16243 1.72 152 58 2.78 305 64
3c KR 07101608 16244 1.78 158.1 48 2.3 516 74
4 KR 07101609 16245 2 244.1 16 0.09 634 68
5 KR 07101610 16246 1.38 133.8 6 3.51 735 49
 23/10/2007 1 KR07102301 16641 0.68 112.9 35 0.41 1014 75
 Week 4 2a KR07102302 16642 4.01 192 45 1.54 1166 86
2b KR07102303 16643 1.3 81.66 40 0.1 700 67
2c KR07102304 16644 3.33 172.89 48 1.22 620 87
3a KR07102308 16648 3.19 70.37 296 2.65 679 132
3b KR07102309 16649 1.12 39.09 14 0.12 642 68
3c KR071023010 16650 0.4 59.95 251 2.19 795 137
4 KR071023011 16651 0.89 145.1 9 0.04 399 72
5 KR071023012 16652 0.59 125.1 12 3.52 382 88
31/10/2007 1 KR 07103101 0 178.9 4 0 8 31 9.6
Week 5 2a KR 07103102 11.47 173.8 19 0.02 7 30 8.8
2b KR 07103103 4.25 180.7 19 0.83 6 17 9.4
2c KR 07103104 4.46 183.3 8 0.66 8 50 9.9
3a KR 07103106 2.26 147.7 17 0.09 10 43 9.4
3b KR 07103107 3.39 146.8 27 3.46 5 51 8.6
3c KR 07103108 2.32 148.6 43 3.33 4 42 9.5
4 KR 07103109 2.06 271.9 13 0 8 44 9.8
5 KR 07103110 2.82 123.4 18 3.26 2 34 8.9  
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Table 6.3. Values of pH and Electrical Conductivity from Stream Samples. 
Date Site Reference no. Code no. Temp. oC pH EC µS/m
 16/10/2007 1 KR 07101601 16237 15.65 6.5 1016
 Week 3 2a KR 07101602 16238 21.9 7 939
2b KR 07101603 16239 20.5 7.3 980
2c KR 07101604 16240 22.5 7.5 951
3a KR 07101606 16242 27.3 8 1195
3b KR 07101607 16243 22.2 7.7 1048
3c KR 07101608 16244 22.15 7.6 1047
4 KR 07101609 16245 30.75 8.8 1237
5 KR 07101610 16246 19.8 8.3 892
 23/10/2007 1 KR07102301 16641 17.45 7 631
 Week 4 2a KR07102302 16642 20.15 7.5 945
2b KR07102303 16643 19.4 7.5 394
2c KR07102304 16644 19.35 7.7 405
3a KR07102308 16648 20.05 7.8 475
3b KR07102309 16649 23.15 8 425
3c KR071023010 16650 20 7.8 468
4 KR071023011 16651 24.3 8.5 254
5 KR071023012 16652 20 8.1 732
31/10/2007 1 KR 07103101 0 18.55 8.1 934
Week 5 2a KR 07103102 11.47 25.75 8.2 970
2b KR 07103103 4.25 27.5 8.1 929
2c KR 07103104 4.46 25.9 8.4 954
3a KR 07103106 2.26 28.55 7.7 1075
3b KR 07103107 3.39 24.7 7.7 1051
3c KR 07103108 2.32 24.6 7.7 1051
4 KR 07103109 2.06 31.4 8.7 1306
5 KR 07103110 2.82 22.6 7.4 892  
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Figure 6.2. Graph showing the variations between Temperature and pH measurements 
recorded at selected sites along the Kuils River. 
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Figure 6.2 shows that the distribution of pH values along the course of the river is not 
constant and the variation is within the range of 6.5 to 8.8. This variation as indicated 
by the sample dates shows a distribution of pH values as high as 8.8 during the first 
sampling day and 5.5 the second week of sampling and 8.7 in the third week. Only 
one sample showed acidic conditions and the rest of the samples were alkaline. In 
terms of the thermal characteristics of the running water, the graph shows some 
variations as a result of several factors that might be considered. Anthropogenic 
factors have influenced greatly the water temperature through stream regulation and 
changes in riparian vegetation. Of interest to note are the high values as indicated on 
the graph which coincide with the characteristics of the location where they were 
recorded in week 2 sample 8 week 3 sample 17 and week 4 sample 26 reflect clearly 
the type and nature of the channel on which the sample were taken. An increase in 
water temperature decreases oxygen solubility and it may also increase the toxicity of 
certain chemicals, both of which result in increased stress in the associated organisms. 
Kuils River’s exhibits temperature variation patterns which reflect a longitudinal 
structured change along the course of the river. 
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Figure 6.3. Graph showing variations in temperature and electrical conductivity 
records recorded at selected sites along the Kuils River. 
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Figure 6.3 shows greater variation in terms of the month long distribution of electrical 
conductivity characteristics of the river. Of note are the samples that show high values 
within the distribution, notably samples collected in the first week of sampling and the 
third week of sampling. The lowest values were registered during the second and last 
weeks of data collection and their values are 204 µS/m and 254 µS/m. 
 
Figures 6.4 to 6.9 illustrate the analysis results in the form of graphs for NO3N, Cl, 
Suspended Solids (SS), Total Nitrogen (TN), Total Phosphorous, and Chemical 
Oxygen Demands (COD), respectively. 
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Figure 6.4. Plot showing weekly variations in the concentration of nitrates for the 
Kuils River samples collected during one month. 
 
 
Regarding the levels of NO3-N concentration, the river shows a highly varied 
distribution as one moves from the source to the mouth of the river. High 
concentration levels are confined to the sampling points represented by sample 
number 3, 4, 17, 26 and 30. The lowest values are represented by samples 7, 9, 13, 16 
and 45. 
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Figure 6.5. Plot showing weekly variations in the concentration of chlorides for Kuils 
River samples collected during one month. 
 
 
Chloride (Cl) distribution does not vary so much through out the month of sampling 
with only 2 samples showing values below 50mg/l. The highest values were recorded 
with sample 5 and 34 whose values were closer to 250mg/l. 
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Figure 6.6. Plot showing weekly variations in the concentration of Total Dissolved 
Solids in the Kuils River samples collected during one month. 
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The distribution of suspended solids throughout the course of the river at the sampling 
points shows low quantities. Figure 6.6 records the distribution showing the highest 
values as 300mg/l for sample 43. The next sample that registered a high value was 
sample 45 in week 4. Though samples 15 and 16 recorded suspended solids 
concentrations above their immediate neighbours, their values were still relatively 
low. 
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Figure 6.7. Plot of weekly variations in the concentration Nitrates for the Kuils River 
samples collected during one month. 
 
 
Figure 6.7 shows samples representing the distribution of Nitrogen showing its 
variation from source to mouth. These variations are represented by high values in 
samples 5, 6, 26, 36 and 37 and subsequently low values in samples 2, 4, 8, 30 to 34, 
respectively. Save for the samples with outstanding recordings the values are 
oscillating around the 500 mg/l mark. 
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Figure 6.8. Plot showing weekly variations in the concentration of Total Phosphorus 
for the Kuils River samples collected during one month. 
 
 
The distribution of Phosphorous throughout the course of the river fluctuated a lot 
with peak values of over 3mg/l on five occasions as illustrated in Figure 6.8. These 
high values were registered generally with sample numbers 6, 8, 9, 14, 15, 18, 24, 25, 
32, 35, 40 and 44. Low values were registered for samples 1, 2, 5, 12, 29, 27, 36 and 
26, respectively. These values represent the lower values only and do not explain 
anything as the analysis still had to consider other factors that might have influenced 
such a distribution. 
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MONTH LONG SAMPLE RESULTS OF KUILS RIVER FOR COD (mg/l)
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Figure 6.9. Plot showing weekly variations in the concentration of Chemical Oxygen 
Demands for the Kuils River samples collected during one month. 
 
 
 
Figure 6.9 shows the distribution of COD in the water sampled along the river for the 
month and of interest is its almost stable distribution which however gradually picks 
up after sample 30 to register the highest levels with the sample 40 and 42. This 
record follows a steady rise that starts from sample 38. Lower levels are registered 
with sample 12 and 29, respectively. 
 
6.4 Conclusion 
The highest values recorded during each sampling exercise are indicative of the 
values of the concentration of each parameter and range between 726 mg/l to 1542 
mg/l for TN, 3.01 mg/l to 3.52 mg/l for P, 4.01 mg/l to 5.94 mg/l for NO3-N mg/l, 
139.9 mg/l to 229.4 mg/l for Cl and 66 mg/l to 296 mg/l for Suspended Solids (SS). 
 
In line with the main objective of the project, continued sampling for the sources of 
diffuse source pollution in the catchment and then investigating for the runoff water 
quality parameters was carried out. Tying up with the nature of the origins of non 
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point source pollutants the plan of action was to sample runoff water from different 
land use/cover types from which these pollutants must have been originated and 
getting them analyzed for selected water quality parameters. But it was observed that 
the rainfall events do not occur always when the sampling teams are within reach of 
mobilizing equipment and rushing to the area affected for sample collection. The 
research activities therefore had to be carried out in view of these considerations and 
then stream sampling had to be done to investigate representative land use /cover 
types in the whole catchment area to better interpret the contributions made by these 
various land cover types. 
 
The results that were obtained for the river water analysis were incorporated in the 
EMC database (Appendix 4) as chemical records for river or streams in the 
catchment. 
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CHAPTER  7 NON-POINT SOURCE (NPS) POLLUTION 
MODELLING USING GIS-BASED MODEL 
7.1 Introduction 
In recognition of the importance of NPS pollution in degrading the quality of the 
nation’s water resources, a number of models have been developed that simulate the 
production, transport and the fate of NPS pollutants (Bhaduri et al., 2000). These 
models help assess the environmental impacts of sediments, nutrients and chemical 
pollutants on surface water quality. Though some of these models are capable of 
simulating pollution production over a long period of time, efficient application of 
these models could be restricted to event specific pollution assessment because, data 
required for long term simulations are highly complex. But this direction of 
development is problematic as water quality management assessment requires the 
understanding and modelling of the long-term impacts. Chandler (1994) justifies that 
both simple and complex models could be applicable in modelling of non point source 
load estimates although complex models do have a slight quantitative quality 
advantage over simple models. However, the use of simple models is more justified 
when it comes to estimating pollutant loads for long time scales (e.g. monthly or 
annual scales). For this study, a simple model has been selected since both monthly 
and annual loads as well as event based estimates are ear-marked to be estimated for 
the catchment. 
 
NPS pollution has geospatial characteristics because potential pollution production 
varies with land use characteristics (Ventura and Kim, 1993; Novotny and Olem, 
1994; Bhaduri et al., 2000) and at the same time, pollution generation is greatly 
influenced by prevailing hydrologic and meteorological properties of the watershed 
(Gilliland and Baxter-Potter, 1987, Bhaduri et al., 2000). GIS on the other hand, is a 
powerful and time efficient tool that can provide the suitable platform to create and 
manage data sets required as inputs of hydrologic/water quality models (Tim et al., 
1992; Novotny and Olem, 1994; Adamus and Bergman, 1995; Bhaduri et al., 2000). 
Therefore, integrating GIS and NPS pollution modelling in environmental and 
resource management, would identify environmentally sensitive areas in terms of NPS 
pollution potential based on the model results, produce useful information on changes 
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in water quality following implementation of pollution reduction approaches, evaluate 
alternative management strategies and improve NPS pollution control in a cost 
effective manner (Gilliland and Baxter-Potter, 1987; Tim et al., 1992; Ventura and 
Kim, 1993; Adamus and Bergman, 1995; Bhaduri et al., 2000). 
 
7.2 Characterisation of Surface Runoff Pollutants 
7.2.1 Standard Surface Water Pollutants 
Although many different constituents can be found in urban runoff, it becomes 
advantageous at some times to focus only on certain pollutants that can be used as 
representative indicators of others. One such typical representative indicator selection 
has been selected by the United States Environmental Protection Agency’s (EPA) 
nationwide urban runoff program (1983). The EPA has described these selected 
constituents as frequently observed in both point and non point source studies and 
they are representatives of a number of pollutant categories namely, solids, oxygen 
consuming constituents, nutrients, and heavy metals. A number of other such 
selections of representative indicators in other parts of the world have taken their stem 
from this selection. The following constituents have been recommended as standard 
pollutants characterising urban runoff in South Africa: 
 
• TSS  Total Suspended Solids 
• BOD  Biochemical Oxygen Demands 
• COD  Chemical Oxygen Demand 
• TP  Total Phosphorus (as P) 
• SP  Soluble Phosphorus (as P) 
• TKN  Total Kjedahl Nitrogen (as N) 
• NO2, NO3 Nitrite & Nitrate (as N) 
• Cu  Total Cu 
• Pb  Total lead 
• Zn  Total zinc 
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7.2.2 Event Mean Concentration (EMC) and Loading Rate 
Concentration is a measure of a quantity of a constituent in volume of fluid. This can 
be defined mathematically as: 
Concentration, C = quantity (mass) (measured in mg or g)/volume of fluid (measured 
in L or m3). 
 
Occasionally, some parameters cannot be expressed in mass units and such 
parameters may be expressed as the most probable number in a unit volume of fluid. 
The event mean concentration (EMC) is the total load of constituents in a volume of 
runoff accumulated during an entire storm event. EMC’s are often measured from 
runoff aliquots that are collected during a storm. Estimated or Event Mean 
Concentrations (EMC) are typical values of a pollutant expected in runoff from a 
particular land use (Naranjo, 1998) arising as a result of the build-up and wash off 
processes (Butcher, 2003). The EMC is a flow weighted average concentration of a 
pollutant over an entire storm event. 
 
A number of approaches can be used to estimate the mean concentrations in storm 
runoff. It is usually estimated from a flow weighted composite samples in the field or 
calculated from discrete measurements. A mathematical approach estimates EMC 
using the following expression: 
EMC =
)(
)(
Q
QC
i
ii∑       Equation 7.1 
Where, Ci = concentration of runoff at interval i 
 Qi = runoff volume at time when sample was taken 
 
When the EMC is multiplied by the runoff volume, an estimate of the loading to the 
receiving water is provided. The runoff volume (Q) can be determined by way of field 
measurements as well as through estimation techniques such as the Natural Resources 
Conservation Service (NRCS) curve number (CN) method. The CN method combines 
infiltration with initial losses to estimate rainfall excess, which would appear as runoff 
(Thomas, 2001). 
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During sampling, surface runoff was collected as discrete samples from available 
urban land use / lands covers such as roads, grasslands, residential, industrial, car 
park, open area etc. but while sampling, it was not possible to estimate the runoff 
volume or even to estimate the extent of land use area contributing to the runoff 
processes. As a result of the above difficulty, the calculation of EMC values using the 
above approach could not be undertaken for such sampling sites. The above illustrated 
approach would be appropriate for samples collected from a runoff plot. 
 
In another approach, the relationship between events (rain or storm) and their 
pollutant variations can be used as a measure of the EMC estimation. Generally, 
instantaneous concentrations vary within a storm and so too does the EMCs from 
storm to storm as well as from site to site. Statistically, the median or 50th percentile 
EMC at a site estimated from a time series (pollutograph) is the median EMC. When 
site medians EMCs from different locations are aggregated, their variability can be 
quantified by their median and coefficient of variation to achieve an overall 
description of the runoff characteristics of a water quality constituent across various 
sites. 
 
The other approach possible to get an estimate of EMC value is to calculate the 
arithmetic average concentrations for a number of samples collected from a site 
during a rainfall event. The arithmetic average EMC is defined as equation 7.2: 
Average EMC = 
m
m
ij
jEMC∑=      Equation 7.2 
Where,  
m = number of events (samples) measured from a site. 
 
Using the latter method discussed above, the arithmetic average EMC values of nitrate 
(nitrite + nitrate), total phosphorus, soluble reactive phosphorus, chloride, COD, total 
nitrogen for all the land use types of the Kuils River catchment area were calculated 
for each day of sampling. 
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As illustrated in chapter 4, runoff samples were collected from different land use 
types and Table 7.1 contains the EMC values which were derived from the mean 
concentrations of about 88 samples. 
 
Table 7.1. EMC Table for Kuils River Catchment Area 
 
Value Land use/Land Cover Nitrate Chloride TSS Total P Total N DO COD
1 Mountain Forest 1.01 16.27 196.17 0.25 7.50 7.33 64.50
2 Riparian Forest/Natural Forest 1.01 16.27 196.17 0.25 7.50 7.33 64.50
3 Dense Scrub 1.01 16.27 196.17 0.25 7.50 7.33 64.50
4 Fynbos 1.17 16.24 45.80 0.19 5.80 7.20 76.80
5 Grassland 1.01 36.08 66.90 3.32 319.86 4.94 178.43
6 Impervious Surface 1.21 16.87 70.56 0.24 317.59 6.07 107.00
7 Railway Line 0.00 0.00 0.00 0.00 0.00 0.00 0.00
8 Impervious Surface/Bare Ground 1.21 16.87 70.56 0.24 317.59 6.07 107.00
9 Bare Rock 1.21 16.87 70.56 0.24 317.59 6.07 107.00
10 Open Vineyard/Hard Rock 0.51 58.11 61.44 0.08 367.22 8.02 50.78
11 Open Area/Barren Land 0.69 159.80 68.00 0.03 50.00 6.80 43.00
12 Improved Grassland/Veg Crop 0.69 157.29 234.50 3.78 295.50 7.25 128.00
13 Buildings/Impervious 1.21 16.87 70.56 0.24 317.59 6.07 107.00
14 Dense / Grassy Vineyard 1.79 48.21 96.25 2.12 249.09 6.19 213.58
15 Fallow/Open Vineyards 1.79 48.21 96.25 2.12 249.09 6.19 213.58
16 Recreation Grass/Golf Course 0.03 261.60 9.00 0.12 565.00 7.30 120.00
17 Freeways/Express Ways 0.08 12.19 236.50 0.15 458.00 6.55 325.50
18 Arterial Roads/Main Roads 0.12 34.94 394.29 0.57 147.69 5.01 592.43
19 Minor Roads 0.13 29.40 75.00 0.58 329.34 4.94 521.00
20 Sandy 0.00 0.00 0.00 0.00 0.00 0.00 0.00
21 Water bodies 0.00 0.00 0.00 0.00 0.00 0.00 0.00
22 HDR Formal Suburb 0.23 33.43 99.67 1.27 420.33 5.80 608.67
23 MDR Formal Suburb 0.17 21.03 40.63 0.29 287.65 6.56 108.00
24 LDR Formal Suburb 0.17 21.03 40.63 0.29 287.65 6.56 108.00
25 HDR Formal Township 0.22 12.27 41.80 0.31 294.34 6.38 54.40
26 MDR Formal Township 0.22 12.27 41.80 0.31 294.34 6.38 54.40
27 LDR Formal Township 0.22 12.27 41.80 0.31 294.34 6.38 54.40
28 HDR Informal Township 0.10 13.62 35.07 0.39 177.00 3.09 179.17
29 MDR Informal Township 1.85 134.42 321.00 3.53 24.50 6.58 350.50
30 MDR Informal Squatter Camps 0.18 18.11 41.02 0.30 289.88 6.50 90.13
31 LDR Informal Squatter Camps 1.85 134.42 321.00 3.53 24.50 6.58 350.50
32 Commercial - Mercantile 6.65 26.25 112.18 0.31 258.14 5.40 228.73
33 Commercial - Institutional 0.12 11.04 108.00 0.16 337.27 6.00 104.50
34 Industrial 0.71 38.63 192.63 2.13 285.18 6.68 580.75
35 Cemeteries 0.69 16.78 506.00 0.14 3.00 7.40 104.00
36 River 5.59 150.45 24.84 1.80 383.17 8.06 62.76
 
 
 
 
 
 154
7.3 Overview of the Nonpoint Source Pollution and Erosion Comparison Tool 
(N-SPECT) Model 
The Nonpoint Source Pollution and Erosion Comparison Tool (N-SPECT), was 
originally developed by the NOAA Coastal Services Center to accompany the 
Waianae Ecological Characterization. The tool is an extension to ESRI’s ArcGIS 
software package and it can be used to examine relationships between land cover, 
Nonpoint source pollution, and erosion. N-SPECT is useful for understanding and 
predicting the impacts of management decisions on water quality and, potentially, on 
coral health. It allows the user to investigate the impact of land use change on storm 
water runoff and water quality, in general. The tool has the following capabilities: 
• Estimating runoff depth and volume 
• Estimating pollutant loads and concentrations 
• Identifying areas highly susceptible to erosion by water 
• Estimating sediment loads and concentrations 
• Assessing the relative impacts of land use changes with scenario analysis 
 
7.3.1 The N-SPECT Model setup 
N-SPECT is delivered free with data sets specific to the Wai’anae region of Oahu, and 
very little user interaction is required to run a basic analysis for this area. However, 
applying the tool in other regions requires the specific attention in preparing the 
appropriate input data such as: 
• Digital elevation model (DEM) 
• Land cover grid 
• Rainfall grid 
• Soils shapefile 
• R-factor grid (annual erosion) 
• Local pollutant coefficients 
• Water quality standards 
Many of the grids driving N-SPECT’s functionality are derived from the DEM and for 
this reason; it is perhaps the most important of these data sets. N-SPECT 
automatically sets the raster analysis environment to the cell size and boundary 
parameters of the DEM file. This is an important step because it ensures that all grids 
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produced have the same cell size, spatial reference, and extent. Otherwise, the cells of 
input and output grids may or may not overlay properly. 
 
7.3.2 Runoff Estimation in N-SPECT Model 
The following section discusses the general principles that are used in N-SPECT to 
calculate or estimate runoff depth and runoff volume. There is no user interface within 
N-SPECT that is directly related to the estimation of runoff; these calculations are the 
basis of many of the other N-SPECT functions and processes. N-SPECT uses the 
USDA NRCS Curve Number method (USDA, 1986) as the basis for its runoff 
estimation. The Curve Number (CN) method is an empirical set of relationships 
between rainfall, land use characteristics, and runoff depth. CN values range from 0 to 
100, and these represent land surface conditions in other words, they are a function of 
land use, hydrologic soil group (or soil permeability) and the antecedent moisture 
condition (USDA, 1986). Retentions, initial abstraction (Ia), and runoff depth (Q) are 
all derived according to equations 7.3, 7.4, 7.5 and 7.6: 
Q =
])[(
)( 2
SIaP
IaP
+−
−      Equation 7.3 
 
Ia = S∗2.0       Equation 7.4 
 
S = 254254000 −
CN
     Equation 7.5 
 
Therefore, 
Q = ( )[ ]254)8.0
)2.0( 2
−+
−
SP
SP     Equation 7.6 
 
Where: 
Q = runoff depth (mm) 
P = Precipitation or rainfall depth (mm) 
S = potential maximum retention after runoff begins (mm) 
Ia = initial abstraction (mm) 
CN = runoff curve number 
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When the initial abstraction at a given cell is greater than the rainfall at that cell (P ≤ 
0.2 S), N-SPECT sets runoff depth to zero, i.e. if (P – Ia) = 0, then Q = 0. This 
prevents the reintroduction of no data cells to the runoff analysis output grid. 
Originally, specific retention S, is represented as [(1000/CN) – 10] when S, P, and Q 
are expressed in inches. Alternatively, S, P and Q may also be expressed in SI metric 
units. The expression for specific retention S become represented as [(254000/CN) – 
254] in Equation 7.6 above. 
 
Figure 7.1 represents an overview of the runoff estimation process resulting in three 
sets of data at the end of the runoff calculation process. These are runoff volume, 
runoff depth and runoff curve number. The last two data sets are temporary data that 
are produced in the process but are not reported by N-SPECT as layers where as the 
runoff volume grid is used as an input to the calculation pollutant concentration in N-
SPECT. 
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Figure 7.1. An overview of the runoff estimation process. (Source: N-SPECT 
Technical Guide, 2004). 
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7.3.2.1. Calculating Runoff in N-SPECT Model 
This section of the model description defines the processes that occur behind the 
scenes when N-SPECT estimates runoff depth and volume. 
 
Step 1: Create the Curve Number Grid 
Runoff curve numbers were developed by NRCS based on soil properties and 
represent overall permeability. This number varies from 0 (100 percent rainfall 
infiltration) to 100 (0 percent infiltration— i.e., pavement) and is used to estimate 
runoff depth. N-SPECT generates a curve number grid based on the combination of 
land cover and hydrologic soil group at each cell within a given analysis area (see 
Tables 7.2, 7.3 and 7.4). 
 
Step 2: Calculate Maximum Potential Retention 
Retention represents the ability of the soil to absorb or retain moisture. Precipitation 
that is absorbed or retained by the soil does not contribute to runoff. N-SPECT 
calculates retention at each grid cell as shown in Equation 7.7 below: 
 
Retention = 254254000 −
rCurveNumbe
     Equation 7.7 
 
Step 3: Calculate Initial Abstraction 
Abstraction refers to the losses that occur before runoff begins. This can include water 
stored by surface depressions and water intercepted by vegetation, evaporation, and 
initial infiltration. N-SPECT calculates abstraction at each grid cell as shown in 
equation 7.8. The units associated with the abstraction grid are millimetres. 
 
Abstraction = )( tentionRe2.0 ∗      Equation 7.8 
 
Step 4: Precipitation Grid 
The next step is to either choose a pre-existing input precipitation grid or create a new 
precipitation grid using a Geographic Information System (GIS). This grid is assigned 
units in millimetres, as the Technical Release 55 equation for estimating runoff 
assumes precipitation inputs are in millimetres. 
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Step 5: Calculate Runoff 
Event-based runoff depth is estimated according to Equation 7.9 taken directly from 
Technical Release 55: 
 
Runoff Depth = 
(Rainfall – Abstraction)2 
 Equation 7.9 
 (Rainfall – Abstraction) + Retention 
 
N-SPECT checks for instances where abstraction is greater than rainfall and sets 
runoff to zero. This method is designed for average conditions, does not explicitly 
account for rainfall intensity or duration, and is less accurate when precipitation is 0.5 
inches or less. 
Annual runoff depth is estimated based on the average number of days it rains per 
year. The estimated abstraction and retention are multiplied by the number of rain 
days, thus reducing estimated runoff as expressed in the following equation: 
Runoff Depth = 
[Rainfall – (Abstraction*Rain Days)]2 
[(Rainfall – (Abstraction*Rain Days)) + (Retention*Rain Days)] 
 
Step 6: Convert Units 
The next step in the runoff estimation process is to convert the runoff depth grid to 
runoff volume and to other units that will be used as inputs to subsequent processing. 
Because the Technical Release 55 runoff equation yields the depth (inches) of excess 
water that runs off the landscape for a given total rainfall depth, this grid must be 
multiplied by the cell area in order to produce a true runoff volume grid. The cell area 
is simply the length times the width of the cell. 
7.3.3 Pollutant Concentration Estimation in N-SPECT Model 
N-SPECT estimates pollutant concentrations by using the Kuils-Eerste River grid 
input as a proxy. This is accomplished by applying pollutant contribution coefficients 
(in other words, EMCs) to the Kuils-Eerste Rivers classes and then introducing a 
runoff volume grid. This procedure does not take into account the intensity or 
duration of rainfall. The following inputs were used during the estimation of pollutant 
concentration using the N-SPECT Model: 
1) Precipitation grid (units); 2) Digital elevation model (m); 3) Land cover grid, and 
4) Rasterized soils data set (hydrologic group attribute). 
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NB: Shading indicates output data set. 
Figure 7.2. Pollutant Concentration Estimation Process. Source: N-SPECT Technical 
Guide, 2004. 
 
Figure 7.2 is a diagrammatic representation of the processes involved during the 
estimation of pollutants concentration in N-SPECT model. First, the runoff volume 
grid is converted to litres by multiplying each cell by a conversion factor. Next, the 
accumulated runoff grid is created from the flow direction grid and the new runoff 
volume grid. Each cell in the accumulated runoff grid represents the total amount of 
water that passes through that cell, including contributions from upstream cells. A 
pollutant concentration grid is then created from either the default pollutant 
coefficients or a new set derived from local sampling data where each cell is assigned 
a value based on its land cover classification. The pollutant coefficient value 
represents an average concentration (mg/L) for a given land cover classification. 
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When the pollutant concentration grid is multiplied by the runoff volume grid, the 
result is a new grid that indicates the mass of the pollutant produced by each 
individual cell. This grid does not take into account upstream contributions. The 
pollutant mass grid is accumulated using the flow direction grid, which yields an 
accumulated pollutant mass grid in which the value of each cell represents the total 
mass of pollutant that passes through that cell, including contributions from upstream 
cells. An accumulated pollutant concentration grid is derived by dividing the 
accumulated pollutant mass grid by the accumulated runoff grid. However, this grid 
does not include the pollutant mass and runoff volume generated at the current cell, 
instead including only the total value of all upstream cells that flow through the 
current cell. The final pollutant concentration grid is created by adding the pollutant 
mass grid and accumulated pollutant mass grid, then dividing this quantity by the sum 
of the runoff volume grid and the accumulated runoff grid. 
 
The output data sets that are produced after a pollutant concentration analysis include, 
Accumulated Pollutant (kg), Pollutant Concentration (mg/L), and Comparison to 
Pollutant Standard (exceeds standard or below standard) grid for each pollutant 
specified in the initial analysis setup (Figure 7.2). The resulting grid represents the 
expected pollutant concentration value if a sample were taken at a given cell location. 
At times a local effect analysis could be performed and the resultant grids represent 
the ratio of pollutant to runoff produced at each individual cell with no input from 
upstream cells. The pollutant concentration grids are used as inputs to the water 
quality assessment and reporting component of N-SPECT. 
 
7.4 Preparation of Input Data Sets for Use in Hydrologic Modelling 
N-SPECT makes use of a variety of data sets, but only four data sets viz. Elevation, 
Soil, Rainfall and Land Use/Cover are required for basic analyses of Runoff and NPS 
Pollution. The following section provides an overview of the methodology adopted 
for the preparation of the required input data sets and associated attribute information. 
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7.4.1 Elevation Data 
The entire runoff and pollutant routing process is based on flow direction and flow 
accumulation grids derived from the elevation grid. Elevation grid data that is 
employed in the runoff model is a digital elevation model (DEM). DEMs represent 
the existing topography and they are available in different levels of resolution. 
However, higher resolution DEMs result in increased processing times during 
modelling run. Because DEMs are the basis for flow routing and quantifying, it 
became very necessary to ensure that the grid cells of the DEM and all other grid data 
sets are aligned to each other. This was accomplished by setting the “snap to extent” 
feature to the DEM data set in the ArcGIS™ Spatial Analyst options menu. In 
general, all input data layers that are used during modelling must be converted to a 
common projection; in the case of this study, the projection reference that is used is 
UTM Zone 34 South with datum WGS84. 
7.4.1.1. Processing of elevation data of the Kuils River catchment area for 
Application in Hydrologic Modelling 
A 20-m DEM layer (named ‘eerste20m’) was procured from COMPUTAMAPS (a 
private firm that supplies digital spatial data) based in Cape Town. New projection 
parameters (coordinate information) were assigned to the DEM by using the Define 
Projection tool of ESRI’s ArcToolBox. With the spherical coordinates defined, the 
DEM was then projected to WGS84_UTM34S using the Project Raster tool of ESRI’s 
ArcToolBox. In order to derive a unique catchment boundary that would be used to 
define the boundaries of all other grids (a precondition for a successful model run), a 
catchment delineation analysis was performed on this DEM using Hydro extension of 
ArcView 3.x. The results from catchment delineation process showed a gross miss 
match between the flow accumulation path derived from the DEM and the actual path 
of the river channels which were manually digitised from satellite imagery, therefore 
indicating errors inherent in the DEM (Figure 7.3). Attempts to use other available 
DEM data were problematic as well, as these data sets were of an early origin and did 
not reflect current flow mechanisms for the catchment. For example, the defined flow 
accumulation grid for these data sets showed both the Kuils and the Eerste rivers to 
have separate mouths at False Bay whereas current conditions show these two rivers 
form a confluence about 4 km upstream of their common pour point at False Bay. 
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Figure 7.3. Layer mismatch between the observed river grid and the flow 
accumulation grid produced by ArcGIS algorithms. 
 
In order to correct this mismatch in the DEM and the stream layers, an extra and prior 
river or stream burning process described by Oliveira (1996) was added to the 
preparation of the DEM. This procedure consisted of burning-in the digitized 
rivers/streams that have been observed in the catchment. This burning-in ‘Burndem’ 
process produces an improved DEM that is created by raising the elevation of all the 
cells in the DEM but for those that coincide with the digitized rivers/streams. By 
doing this, water is forced to remain in the stream valleys once it gets there; although 
it may not be forced to flow downstream if the stream values are incorrect. However, 
Oliveira (1996) confirms that, if successful, streams delineated using this improved 
methodology represents much better the real stream network. A stepwise illustration 
of the burn in process was carried out as follows (Olivera, 1996): 
• Converting the line coverage of digitized streams into a grid (with value 1 in the 
stream cells and NODATA elsewhere). Making sure that this grid presents 
Mismatch in 
Area of Interest 
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continuous streams (no gaps), they do not involve short circuits, and that they 
extend out of the study area. 
• Adding a constant value to the DEM (higher than the highest elevation value in the 
original DEM). 
• Merging the two grids together, keeping the stream grid on top of the modified 
elevation grid, to obtain the burned-DEM. 
 
After these three steps have been performed, the standard methodology for 
hydrological analysis described above is applied to the burned-DEM. The next section 
that follows is a step-by-step description of the whole methodology that was used 
during burning in of the Streams (Olivera 1996). 
 
This process consists of modifying the DEM, by burning-in the streams and by filling 
the sinks, so that ArcView hydrologic functions incorporated in the model can be 
implemented. Both the river grid and the DEM layer are loaded into the ArcMap 
window. 
 
Firstly, the river grid is divided by itself so that all the cells are assigned value 1, by 
going to Spatial Analyst/Raster Calculator and entering the corresponding map 
algebraic expression (mathematical operation), [river]/[river], in the Raster Calculator 
dialog box. The result is automatically added to the map window as a layer called 
Map Calculation 1 with values of 1 or NODATA corresponding to on-stream and off-
stream cells, respectively. By right-clicking this new stream grid and opening the 
layer properties dialog, this layer is later renamed to ‘Unitriver’ under the general tab 
of the layer Properties dialog window so that it can easily be referenced in the next 
step. 
Secondly, using the Spatial Analyst raster calculator, the Unitriver grid is Multiplied 
by DEM by typing in the following mathematical expression in to the raster calculator 
dialog box: [unitriver]*[dem]. Following the same procedure as above, the resultant 
grid is renamed to ‘Demstrm’ because it stores the DEM value in the stream cells. An 
appropriate colour scheme is assigned to this layer to for better visualisation of the 
layer features if necessary. 
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Thirdly, a fix constant value (e.g. 5000 m, an arbitrarily chosen figure which is higher 
than highest elevation value in the original DEM) is added to the DEM grid by going 
to Spatial Analyst/Raster Calculator and entering the corresponding mathematical 
operation [dem] + 5000 in the raster calculator dialog box. This grid layer is 
appropriately named as Demplus because it stores the DEM value increased by 5000 
m. 
 
Lastly, the two grids are now merged into a single grid layer using merge command 
the map algebraic syntax, merge([aGrid],[bGrid],[etc]), in the raster calculator. The 
purpose of this expression is to take the demstrm grid as aGrid, and demplus as bGrid 
and then to merge them in the order aGrid merged into bGrid. This has the effect of 
inserting in the raised DEM (demplus), the elevation values of the actual DEM in 
those cells lying along the stream (demstrm). NB: The order of input in the grid list 
Raster Calculator determines the priority of the raster, with the last raster listed having 
the lowest priority. Since demplus is has been artificially raised by 5000m this creates 
a narrow trench wherever there is a stream and forces the flow direction grid to follow 
this trench in subsequent processing. The elevation increment of 5000m is an arbitrary 
figure and would have no real significance in subsequent calculations. A few 
important hints were taken in to account during the merging process: 
 
Both categorical and continuous rasters can be entered as input rasters during merging 
and the result will be a floating-point raster if the input raster is a floating-point raster; 
otherwise, the result will be of the integer type. The extent and cell size of the output 
raster are determined by the current analysis environment, which may be set using the 
Spatial Analyst Option's dialog. Using the default settings will result in an undesirable 
output raster with an extent equal to the minimum bounding rectangle of all inputs 
and a cell size equal to the coarsest resolution of the inputs. 
For the floating-point input rasters of different resolution it is recommended to 
RESAMPLE all the data using BILINEAR interpolation or CUBIC convolution 
before running Merge. Otherwise, the Merge function will automatically resample the 
rasters using NEAREST neighbour (which is not appropriate for the continuous type 
of data) and the current cell-size setting in the current analysis environment and then 
perform merging. The default cell size is set to the Maximum of Inputs. With that 
unchanged, the function will resample the finer raster(s) to the coarsest resolution. 
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When typing a Map Algebra expression into the Spatial Analyst Raster Calculator, if 
the input raster dataset is a grid and resides in the working directory (usually set on 
the General tab of the Options dialog), type the name of the grid directly into the 
expression: e.g. merge(demstrm). On the other hand, if the grid dataset does not 
reside in the working directory, the path to the grid dataset on computer disk is typed 
into the raster calculator: merge (c:\SpatialData\demstrm). The above criterion only 
applies to grid data sets. All other raster datasets (for example, TIFF) cannot be 
accessed by the Raster Calculator directly from disk. Alternatively, all raster inputs 
(including grids) could be simply added first as layers to ArcMap. Such layers will 
then be displayed automatically in the Layers list of the Raster Calculator from where 
they are easily selected during a map algebraic exercise. Lastly, when entering the 
raster into a Map Algebra expression it must be surrounded by square brackets: e.g. 
merge([demstrm]). Zooming in on the new ‘burndem’ grid and using the Identity tool 
to check the cell values, one could see how the procedure has produced a stream 
network embedded in the DEM that matches the digitised stream networks. 
 
The quality of success in the burn in process was checked by performing a 
preliminary hydrologic analysis of the newly improved DEM. During this stage, the 
Burndem was filled using the Hydrology Fill sink tool in ArcToolbox. This operation 
has the effect of filling the artificial pits created in the landscape when it is 
represented by a DEM. If these pits are not filled they interrupt the subsequent 
functions by stopping the water "flow" at intermediate points in the landscape. Flow 
direction and the flow accumulation grids were later derived using the corresponding 
hydrology commands in ArcToolbox. The results from the hydrologic processes were 
aligned with the digitized stream layer features and this compared with the results that 
were obtained before the burn in process. Figure 7.4 and 7.5 show that the stream 
layer perfectly aligns with the new burned in DEM. The prepared DEM is now ready 
for incorporation into N-SPECT for further processing. 
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Figure 7.4. Hillshade or sun-illuminated view of the topography of the Kuils River 
catchment. 
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Figure 7.5. Digital Elevation Data (10m) showing variation in height. 
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7.4.2 Soils Data 
Soil data input that is required in the N-SPECT hydrologic runoff model is needed in 
shapefile format. The soils data that was used during this study was obtained from the 
Land Type data procured from the Council for Scientific and Industrial Research 
(CSIR). This is a small scale (1:250.000) data set which contains soil type distribution 
for the whole of South Africa. A few modifications were necessary in order to make 
this data suitable for use in the N-SPECT model. This soil data was procured in a land 
type folder that contained soil polygons in ArcInfo coverage format, ArcInfo 
interchange files and shapefiles. In addition to the polygon shapefile representing soil 
units, two soil data attributes (tables) were needed to obtain the data necessary for 
running N-SPECT. These attributes are the Soil Erodibility (k-factor) values and the 
Hydrologic Soil Group (HSG) attributes. Soil polygons that underlie waterbodies do 
not have k-factor as well as HSG data to define them. As a general rule, in instances 
where there is no k-factor or HSG values available in the soil data attribute tables, 
conservative data would be used to populate these fields. The k-factor would be set to 
0 and the hydrologic soil group to D, unless prior knowledge indicates that other 
values are more appropriate. Using N-SPECT Advanced Settings tool, the appropriate 
fields for k-factor and hydrologic soil group would be selected by the user. 
7.4.2.1. Preparation of the Hydrologic Soil Group Inputs 
The hydrologic soil group (HSG) defines the soil infiltration capacity (infiltration 
rates) and the hydrologic group attribute is used to assign runoff curve numbers when 
working with new land cover data sets or classes. The soil data that was procured 
from the CSIR, contained only the textural descriptions of soil units but fell short of 
defining the hydrologic characteristics of these soil units. Therefore it became very 
necessary to define these hydrologic characters for the soil units in order to apply in 
the hydrologic model. The procedure that was used to define the HSG for the soil data 
was as follows: 
Firstly, a field was created in the soil attribute table and a texture descriptive name 
(US_TEXTURE in Table 7.2) was assigned to the soil units by extracting information 
that was available in soil texture descriptions column (TEXTURE in Table 7.2) that 
were symbolised in the original soil layer table. Descriptive terms of soil texture such 
as sand, sandy clay, sandy clay loam, sandy loam and clay were derived using the 
above procedure and assigned to all soil units. Secondly, based on the soil description 
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that acquired from the previous procedures, four hydrologic soil group categories 
were defined and inserted into another field in the soil data layer table. This new field 
was added to the soil attribute data table and this field was named as hydrologic soil 
group (HSG) field (US_HSG) into which the HSG values were inserted. These HSGs 
exist in four categories, A, B, C and D, based on decreasing infiltration rates (A= high 
infiltration, D=very slow infiltration) (Table 7.2). 
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Table 7.2. Land Type Data Showing Textural Descriptions. 
 
ISCW_ID BROAD LANDTYPE AVR_CLAY SERIES HORIZON TEXTURE US_TEXTURE
15959 Db Db54 7.8 Es41Lo20 E meSa-LmSa Sand
15961 Ac Ac27 17.7 We22We13 B meSaClLm-SaCl Sandy Clay Loam
15976 Hb Hb15 3.0 Es21Es42 E me/coSa Sand
15999 Db Db53 6.8 Ss25Ss22Ss23Ss21Sw31 A fi/me/coSa-SaLm Sand
16008 Db Db52 16.5 Va32Ka20 B Cl Clay
16083 Ga Ga10 3.6 Fw21Fw20Fw22 A fi/coSa Sand
16114 Fa Fa919 18.5 Av25Av26 B coSaLm-ClLm Sandy Clay
16120 Ca Ca30 6.4 R B coSa-LmSa Sandy Loam
16130 Ga Ga16 3.6 Fw11Fw10 A fi/meSa Sand
16143 Hb Hb13 3.3 Ms22 A me/coSa Sand
16268 Ha Ha7 3.2 Fw20Fw21Fw22 A fi/coSa Sand
16297 Ca Ca134 5.6 Wa30Kd22 E coSa Sand  
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Table 7.3. Hydrologic Soil Group Definitions. 
Hydrologic Soil 
Group
Soil Group Characteristics
A Soils having high infiltration rates, even when thoroughly wetted and 
consisting chiefly of deep, well- excessively –drained sands and gravels. 
These soils have a high rate of water transmission.
B Soils having moderate infiltration rates when thoroughly wetted and 
consisting chiefly of moderately deep to deep and moderately coarse 
textures. These soils have a moderate rate of water transmission.
C Soils having a slow infiltration rate when thoroughly wetted and consisting 
chiefly of soils with a layer that impedes downward movement of water, or 
soils with moderately fine to fine texture. These soils have a slow rate of 
water transmission.
D Soils having very slow rate of infiltration when thoroughly wetted and 
consisting chiefly of clay soils with a high swelling potential ,soils with a 
permanent high water table, soils with a clay pan or clay layer at or near 
the surface, and shallow soils 
 
 
Table 7.4. Table of Hydrologic Soil Group Codes Based On Texture. 
Hydrologic Soil 
Group
HSG Code 
(Recls_Code)
Soil Texture
Sand, loamy sand, and sandy loam
High infiltration (low runoff)
Infiltration rate >0.3 inch/hr when wet
Silty loam and loam
Moderate infiltration (moderate runoff)
Infiltration rate 0.15-0.3 inch/hr when wet
Sandy clay loam
Low infiltration (moderate to high runoff)
Infiltration rate 0.05 – 0.15 inch/hr
Clay loam, Silty clay loam, Sandy clay, Silty clay, and Clay
Very low infiltration (high runoff)
Infiltration rate 0 – 0.05 inch/hr
C 3
D 4
A 1
B 2
 
For water bodies and urbanised or built up areas where the soil has been severely 
disturbed and the actual soil type can not be determined, both these land features were 
coded as hydrologic soil group D. For areas where soil cover was well defined, the 
HSG was defined based on the soil texture characteristics in the various Kuils-Eerste 
Rivers as guided from Table 7.3. In certain instances where the soil units have been 
represented as compound hydrologic groups, the latter symbol (the rightmost soil 
group) is assigned for the polygon. Lastly, the individual HSG were converted to 
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specific numeric codes that are acceptable in the model as follows: polygons coded as 
A became 1, B became 2, C became 3, and D became 4 all inferred from Table 7.4. 
7.4.2.2. Soil Erodibility (k-factor) Inputs 
Soil erodibilty factor is a measure of the ease with which soil particles could be 
dislodged from the original soil mass and carried away due to external factors. It is 
derived from the amount of soil lost per unit of erosive energy during rainfall, 
assuming a standard research plot. Soil Erodibility is a function of the infiltration 
capacity and structural stability of the soil. A low infiltration capacity would cause 
more surface runoff, and the surface is less likely to be ponded, making it more 
susceptible to splashing. Some soils properties that create a high k-factor are high 
contents of silt and clay or impervious soil layers. The soil erodibilty factor was taken 
from literature that explained the successful use of such data inputs during similar 
studies in other regions of the world. Some soils that are extremely disturbed, e.g. 
urban soils, were considered as not having any k-factor values. For such soil 
polygons, a k-factor value of 0.30 was used. The erodibility factor for rest of the soil 
layer polygons were assigned after careful consideration of the textural composition 
and the organic contents of the soil as expressed in Table 7.5.  
 
The final soil data produced has the soil textural characteristics (US_TEXTURE), 
HSG (GROUP) and erodibility (K-FACT) attributes as shown in Table 7.6. Figure 7.6 
is a spatial display showing the distribution of the various classes of soil that are 
present in the Kuils River catchment. 
 
Table 7.5. Soil Erodibility Factor, K of Different Soil Textures. 
Textural Class 0.50% 2.00% 4.00%
Fine sand 0.16 0.14 0.1
Loamy sand 0.12 0.1 0.08
Sandy loam 0.27 0.24 0.19
Silt loam 0.48 0.42 0.33
Clay loam 0.28 0.25 0.21
Loamy very fine sand 0.44 0.38 0.3
Very fine sandy loam 0.47 0.41 0.33
Organic Matter Content
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Table 7.6. Soil Data Table for Kuils River Catchment. 
 
ISCW_ID LANDTYPE TEXTURE US_TEXTURE US_HSG HSG_CODE GROUP K-FACT
15959 Db54 meSa-LmSa Sand A 1 1 0.12
15961 Ac27 meSaClLm-SaCl Sandy Clay Loam C 3 3 0.28
15976 Hb15 me/coSa Sand A 1 1 0.16
15999 Db53 fi/me/coSa-SaLm Sand A 1 1 0.47
16008 Db52 Cl Clay D 4 4 0.28
16083 Ga10 fi/coSa Sand A 1 1 0.16
16114 Fa919 coSaLm-ClLm Sandy Clay C 3 3 0.27
16120 Ca30 coSa-LmSa Sandy Loam A 1 1 0.12
16130 Ga16 fi/meSa Sand A 1 1 0.16
16143 Hb13 me/coSa Sand A 1 1 0.16
16268 Ha7 fi/coSa Sand A 1 1 0.16
16297 Ca134 coSa Sand A 1 1 0.16  
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Figure 7.6. Soil Map showing the spatial distribution of the soil groups in the 
Kuils River Catchment. 
 
7.4.3 Rainfall Data 
The runoff component of N-SPECT is driven by the precipitation grid. The South 
African Weather Service (Weather SA) and the South African Department of Water 
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and Forestry (DWAF) are the primary repository for precipitation data collected in 
weather stations that are located all over the Republic of South Africa. Monthly and 
annual rainfall records for stations in the vicinity of the Kuils River catchment were 
interpolated as grids based on the procured precipitation data. Annual Precipitation 
totals for the year 2006 and 2007 were extracted from annual rainfall records collected 
from seventeen rain gauges located in the catchment (Table 7.7). Interestingly, there 
existed a greater number of rain gauges in the catchment but a number of such stations 
were no longer functional and there were also points with missing data in the 
available rainfall tables. However, attempts were also made to fill in values for these 
missing data points by using estimates generated by the Smirnov-Kolmogorov 
Regression Model. This is a linear model (y = 34.74332+0.630337 X) with a 
correlation coefficient (R) of 0.56. Figure 7.7 shows a wide range of rain stations of 
Cape Region from where rainfall data was initially procured but the number of 
stations that were considered for rainfall interpolation were reduced because some 
points were considered too distant to influence rainfall distribution in the Kuils River 
area. 
 
Table 7.7. Annual Rainfall Data Collected from Available Rain Gauge Points in the 
Cape Region. 
Stn_ID Stn_Name  Lon  Lat    2OO6    2OO7
G1E001 Wellington 19.0158 -33.6500 662.1 729.0
G1E002 Vogel Vallij @ Voelvlei dam 19.0408 -33.3417 569.5 659.6
G1E003 Zachariashoek @ Nemmershoek dam 19.0825 -33.8333 715.3 768.9
G1E006 Assegaaibos 19.0658 -33.9417 1669.0 1483.6
G1E009 Withoogte @ purifiction works 18.6678 -33.0672 464.3 522.3
G2E001 Brakke Fontein @ Atlantis Sewage 18.4825 -33.6083 400.9 515.2
G2E003 Higgovale Cape Town @ Molteno 18.4117 -33.9375 772.2 968.5
G2E004 Tafleberg 18.4033 -33.9792 1440.0 1761.0
G2E005 Tafelberg @ Newlands 18.4492 -33.9667 1266.0 1756.0
G2E007 Malan DF Airport 18.5992 -33.9667 436.1 680.6
G2E008 Stellenbosch @ Welgevallen 18.8700 -33.9417 486.2 630.6
G2E011 Jonkershoek @ Biesievlei 18.9492 -33.9833 1360.7 1796.3
G2E013 Jonkershoek @ Manor House 18.9286 -33.9639 1093.0 1330.0
G4E001 Kogel Baai @ Steenbrasdam-Lower 18.8514 -34.1797 996.5 959.0
OO212303 Altydgedacht 18.6330 -33.8330 488.0 651.4
OO21550 Maitland 18.5860 -33.9200 484.1 614.1
0021417A0 Skoonheid 18.7333 -33.95 463.0 679.0  
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7.4.3.1. Preparation of Precipitation grid 
Because there were not enough rain gauges in the Kuils River catchment, 
interpolation methods were employed in order to estimate possible rain fall amounts 
within the catchment area. A number of steps were followed during generation of 
annual precipitation grids from data that was procured from both Weather SA and 
DWAF. These data were outlined in table format on a Microsoft Excel™ spreadsheet 
and later saved as a database (dbf IV) file in Microsoft Excel. The function Add x-y 
Data in ArcMap Tools was used to add the precipitation (dbf IV) data into ArcMap 
GIS window as an event layer feature, which was later converted into a shapefile. 
using ArcGIS’ ‘Project’ tool under ArcCatalog application the event layer was 
projected to Universal Transverse Mercator zone 34 South (UTM34S) projection 
coordinates which is the reference coordinates that exists on all other GIS data layers 
involved in the research project. In an alternative procedure to assign the projection, 
the rainfall data (dbf IV) table was added as an event layer to ArcMap window that 
already contained a spatially referenced layer (e.g. BoundaryUTM34s) so that the 
resultant event point data layer assumes the existing spatial reference coordinates in 
the ArcMap window ‘on the fly’. The new event layer was exported and saved as an 
ESRI shapefile. Figure 7.7 shows the distribution of 13 rain gauges in the Cape 
region. Interestingly, none of these stations were located in the study area. In order to 
predict rainfall amounts within the catchment, an interpolation approach was used. 
ArcGIS Spatial Analyst Surface interpolation function was used to create a continuous 
(or prediction) surface from sampled point values in the point feature shapefile. The 
result was a continuous surface that represented annual rainfall for all locations in the 
catchment whether or not a measurement had been taken at these locations. A number 
of interpolation algorithms, including Inverse Density Weighted (IDW) and Spline, 
were experimented for the best annual rainfall distribution display. Both the Inverse 
Distance Weighted (IDW) and Spline methods of interpolation use ESRI’s Spatial 
Analyst Interpolation to Raster tools to assign values to locations based on the 
surrounding measured rainfall using specific mathematical formulae that determine 
the smoothness of the resulting surface. However, IDW algorithm produced the most 
satisfactory annual rainfall distribution map for the Kuils River catchment area. The 
IDW algorithms then determine the annual rainfall amounts for each grid cell. Finally, 
the resultant grid was later trimmed to the extent of the Kuils river boundary using 
Extract By Mask tool in ArcToolBox’ Spatial Analyst Tools. Figures 7.8 and 7.9 
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show the annual rainfall maps for Kuils River Catchment area for year 2006 and 2007 
deduced using the procedures that have been discussed above. 
 
Figure 7.7. Location of rain gauges in the Cape region. 
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Figure 7.8. Rasterised annual rainfall distribution map for the year 2006. 
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Figure 7.9. Rasterised annual rainfall distribution map for the year 2007. 
 
The results from the rainfall interpolation show that there was a general increase in 
overall rainfall from 2006 to 2007 which could be the result of varying climate 
patterns. The pattern of distribution of rainfall varied tremendously. In 2006, the 
Durbanville (NW) area received the highest amounts above 480mm rain as compared 
to southern western areas showing readings below 450mm. This pattern was reversed 
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in the year 2007 accompanied by overall increases in rainfall totals in all stations as 
mentioned earlier. The possible explanation to these patterns is that rainfall around the 
Cape Peninsula, the Cape Flats and the Boland varies greatly in space. Newlands 
receives annual rainfall while only 30km away within view the Cape Flats (Airport) 
receives far lesser rainfall. Jonkershoek near Stellenbosch also receives very high 
rainfalls. These great differences in the rainfall distribution are caused by topography, 
i.e. the mountains, play a very significant role in the distribution of rain and also the 
wind direction. In winter when strong fresh north-westerly moisture laden winds blow 
onshore, the winds encounter Table Mountain, which acts as a barrier. Table 
Mountain therefore acts as a trigger mechanism of uplift, i.e. it forces air flow to rise 
up higher than it would have if it had not encountered the mountain. As it is forced up, 
it cools adiabatically, its moisture condenses and most of the rain falls over Newlands, 
where the uplift is strongest. As the air mass moves away from the mountain the 
upward forcing is no longer there and the rainfall also decreases proportionally as one 
move away from the mountain. This is why Newlands area receives so much rain in 
winter compared to other regions in and around Cape Town. Similarly, when the 
south-easterly winds blow over the Hottentot - Holland Mountains, they bring so 
much rain to the Jonkershoek and other areas close to Stellenbosch due to these 
orographic (mountain) effects. The middle lower belt or region between these two 
mountain ranges, the Cape Flats region, consistently receives very little of these rains 
because of these orographic effects. 
 
7.4.4 Land Cover Data 
The land use / cover data was sub-setted and reprojected to the common projection of 
all the other data inputs using a suitable projection tools in GIS. In ArcGIS, an 
analysis mask is specified, e.g. the soils shapefile or the DEM, (Spatial 
Analyst/Options) and the Raster Calculator are used to create a new land cover grid 
clipped to DEM or soils data. Care was taken to make sure that the grid cells of the 
DEM and land cover data sets (and all other grid data sets) match. This is 
accomplished by setting the “snap to extent” feature of the ArcGIS Spatial Analyst 
options menu to the DEM data set. 
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A detailed description of the preparation of a detailed land use / land cover map for 
Kuils River and other close areas has been described in Chapter 3. This is a 10-metre 
raster grid map containing 36 land use / cover classes and it is projected to WGS 84 
UTM Zone 34 South. A boundary of the catchment had been defined through 
catchment delineation from the local DEM. Using ArcGIS Extract By Mask tools in 
ArcToolBox Data Management Tools, this boundary shape was then used as the mask 
to extract the land use/cover grid covering the Kuils River catchment (Figure 7.10). 
The catchment covers an area of over 203 km2 appropriately distributed between 36 
Kuils-Eerste River classes as shown in Table 7.8. However, in order for N-SPECT to 
successfully simulate the influence of these Kuils-Eerste River types on the 
hydrologic processes in the catchment, additional descriptive information about the 
surface properties of the different land uses/ land covers must be added to the layer. 
 
7.4.4.1. Runoff Curve Numbers (CN) Deduced for Kuils River Catchment 
Runoff curve numbers represent the infiltration capacity of the soil and range from 0 
to 100, with 0 being no runoff and 100 indicating no infiltration. Curve numbers play 
an important role in N-SPECT’s runoff depth estimation calculations. N-SPECT CN 
values are employed as percentage fractions of the actual designated CNs. The USDA 
Urban Hydrology for Small Watersheds: Technical Release 55 (USDA, 1986) is the 
primary reference for more information on determining appropriate curve numbers for 
other land cover classes. Higher curve numbers are assigned for landscapes with more 
impervious cover, surface soils with high clay content, or lands with low soil cover. 
Table 7.9 shows Kuils river catchment Kuils-Eerste River classes and the 
corresponding curve number values for each of the four hydrologic soil groups. 
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Figure 7.10. Kuils-Eerste River map of Kuils River Catchment in the Western Cape 
Province of South Africa. 
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Table 7.8. Land use/cover percentage contributing area in the Kuils River Catchment. 
Value Count Name Area (m2) Area (Km2) Percentage Cover
1 4564 Mountain Forest 456400 0.46 0.2
2 32045 Riparine Forest/Natural Forest 3204500 3.20 1.6
3 71640 Dense Scrub 7164000 7.16 3.5
4 122812 Fynbos 12281200 12.28 6.0
5 26411 Grassland 2641100 2.64 1.3
6 14926 Impervious Surface 1492600 1.49 0.7
7 2737 Railway Line 273700 0.27 0.1
8 16270 Bare ground/Impervious Surface 1627000 1.63 0.8
9 4 Bare Rock 400 0.00 0.0
10 84510 Open Vineyard/Hard Rock 8451000 8.45 4.2
11 53778 Open Area/Barren Land 5377800 5.38 2.6
12 74855 Improved Grassland/Veg Crop 7485500 7.49 3.7
13 23284 Buildings/Impervious 2328400 2.33 1.1
14 324516 Dense/Grassy Vineyard 32451600 32.45 16.0
15 307574 Fallow/Open Vineyards 30757400 30.76 15.1
16 20989 Recreation Grass/Golf Course 2098900 2.10 1.0
17 2598 Freeways/Express Ways 259800 0.26 0.1
18 10789 Arterial Roads/Main Roads 1078900 1.08 0.5
19 96821 Minor Roads 9682100 9.68 4.8
20 44483 Sandy 4448300 4.45 2.2
21 14035 Waterbodies 1403500 1.40 0.7
22 65691 HDR Formal Suburb 6569100 6.57 3.2
23 300817 MDR Formal Suburb 30081700 30.08 14.8
24 10353 LDR Formal Suburb 1035300 1.04 0.5
25 156317 HDR Formal Township 15631700 15.63 7.7
26 29127 MDR Formal Township 2912700 2.91 1.4
27 236 LDR Formal Township 23600 0.02 0.0
28 9859 HDR Informal Township 985900 0.99 0.5
29 3311 MDR Informal Township 331100 0.33 0.2
30 11243 MDR Informal Squatter Camps 1124300 1.12 0.6
31 1593 LDR Informal Squatter Camps 159300 0.16 0.1
32 5740 Commercial-Mercantile 574000 0.57 0.3
33 24 Commercial-Institutional 2400 0.00 0.0
34 79343 Industrial 7934300 7.93 3.9
35 2091 Cemeteries 209100 0.21 0.1
36 6104 River 610400 0.61 0.3
203149000 203.15 100TOTALS
 
The Kuils River catchment grid consists of 36 different land use/cover classes. The 
value column refers to specific codes assigned to each class. The count column shows 
the cell count within each land use/cover class. The name column contains names of 
all land use/cover classes present while the area column shows the areal extent in 
square metre and square kilometre units. The percentage cover column shows what 
proportion of the overall catchment area each class comprises. It is seen that over 30% 
of the area is being used for commercial farming followed by about 20% used for 
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Formal residence purposes. The rest of this area is divided amongst industry, 
commercial, natural vegetation, open land and informal settlement areas. 
 
 
Table 7.9. NRCS Curve Numbers for the Kuils-Eerste River Types in the Kuils-Eerste 
River Catchment 
     A     B     C     D
1 Mountain Forest 0.3 0.55 0.7 0.77
2 Riparine Forest/Natural Forest 0.36 0.6 0.73 0.79
3 Dense Scrub 0.36 0.6 0.73 0.79
4 Fynbos 0.39 0.61 0.74 0.8
5 Grassland 0.39 0.61 0.74 0.8
6 Impervious Surface 0.98 0.98 0.98 0.98
7 Railway Line 0.54 0.7 0.8 0.85
8 Bare ground/Impervious Surface 0.77 0.86 0.91 0.94
9 Bare Rock 0.98 0.98 0.98 0.98
10 Open Vineyard/Hard Rock 0.77 0.86 0.91 0.94
11 Open Area/Barren Land 0.68 0.79 0.84 0.89
12 Improved Grassland/Veg Crop 0.39 0.61 0.74 0.8
13 Buildings/Impervious 0.98 0.98 0.98 0.98
14 Dense/Grassy Vineyard 0.43 0.65 0.36 0.82
15 Fallow/Open Vineyards 0.74 0.83 0.88 0.9
16 Recreation Grass/Golf Course 0.49 0.69 0.79 0.84
17 Freeways/Express Ways 0.98 0.98 0.98 0.98
18 Arterial Roads/Main Roads 0.98 0.98 0.98 0.98
19 Minor Roads 0.98 0.98 0.98 0.98
20 Sandy 0.36 0.6 0.73 0.79
21 Water bodies 0 0 0 0
22 HDR Formal Suburb 0.77 0.85 0.9 0.92
23 MDR Formal Suburb 0.61 0.75 0.83 0.87
24 LDR Formal Suburb 0.57 0.72 0.81 0.86
25 HDR Formal Township 0.81 0.88 0.91 0.93
26 MDR Formal Township 0.77 0.85 0.9 0.92
27 LDR Formal Township 0.57 0.72 0.81 0.86
28 HDR Informal Township 0.89 0.92 0.94 0.95
29 MDR Informal Township 0.77 0.85 0.9 0.92
30 MDR Informal Squatter Camps 0.81 0.88 0.91 0.93
31 LDR Informal Squatter Camps 0.61 0.75 0.83 0.87
32 Commercial-Mercantile 0.89 0.92 0.94 0.95
33 Commercial-Institutional 0.81 0.88 0.91 0.93
34 Industrial 0.86 0.91 0.93 0.94
35 Cemeteries 0.59 0.74 0.83 0.87
36 River 0 0 0 0
Curve Numbers for Hydrologic Soil Group
Value Land use/Land Cover
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7.4.5 Water Quality Standards/Criteria 
The South African water quality guide for aquatic ecosystems is essentially a 
specification document describing Target Water Quality Ranges (TWQR). The 
aquatic guide by DWAF (1996) is meant for the protection of the health and the 
integrity of aquatic ecosystems and guidelines for the protection of the marine 
environment. Target water quality ranges (TWQR) are threshold within which no 
measurable adverse effects are expected on the aquatic ecosystem. Beyond these 
ranges quality could become chronic or acute. The norm used in classifying or 
evaluating the effects of nutrients in the aquatic environment was the change of 
trophic status from local natural conditions whereas the norm used as the yardstick for 
evaluating non-toxic inorganic constituents is the change from local nutrients which 
affect ecosystem structure and functioning. Water quality criteria are given as 
numerical values associated with a level of risk of acute or chronic toxicity effects. 
 
Since this study was primarily based on assessing the resultant effects of runoff 
pollutant to the water quality of the Kuils River, it was decided that the water quality 
standards and criteria that focus on aquatic systems be used as bench marks for 
quality assessments in the Kuils River. The South African Water Quality Guide for 
Aquatic Ecosystems was consulted but it was very difficult to come to conclusive 
values for most of the quality inputs. It became very necessary now to consult other 
literature for examples of water quality standard limits and thereafter to consider 
implementing water limits for the present analysis. Tables 7.10, 7.11, 7.12 and 7.13 
are examples of proposed water quality standards for different organisations with 
different interest. 
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Table 7.10. Chemical characteristics and their recommended limits for no risk (Lin et 
al., 2004) after DWAF, DOH and WRC (1998). 
Element Unit Limit
Temperature oC N/A
Electrical Conductivity mS/Cm <700
Dissolved Oxygen mg/l N/A
Total Nitrogen mg/l <6
Nitrates mg/l <26
Total Phosphates mg/l <1
Chemical Oxygen Demands mg/l N/A
E.coli  /100ml 0
Chlorides mg/l 0-200 No effect
200-600 Tasty with no health risk
600-1200 Tasty
>1200 Unhealthy  
 
Table 7.11. Classification of water quality for the development of Universal Water 
Quality Index (UWQI) US EPA, 1986. 
Parameter Unit Class I Class II Class III Remarks
Excellent Acceptable Polluted
Nitrate-Nitrite mg/l 5 10 20 Chemicals from agriculture
Dissolved Oxygen mg/l 8 6 3
pH mg/l 6.5-8.5 5.5-6.4 <5.5 Operational levels
8.6-9.0 >9
Biochemical Oxygen Deman mg/l <3 <5 <7 Indicators of organic pollution
Total Phosphates mg/l 0.02 0.16 0.65
Total Nitrogen mg/l 0 87.15  
 
Table 7.12. Water Quality Standards from the South African National Standards 241. 
Water Quality Standards (SANS 241)
Parameter Limits
Chlorides < 200 mg/l
Chlorides 200 mg/l
Phosphates 5 mg/l
N 26 mg/l
TSS 110 mg/l
Nitrate 10 mg/l  
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Table 7.13. Aquatic Ecosystems should not exceed AEV. Source: DWAF, 1996. 
Parameter Value (mg/L) Source
Nitrate <0.5 DWAF
Chloride 0.2 "
TSS <100 "
Phospshor <5 "
Total Nitrogen <6 "  
 
7.5 Modelling Process in N-SPECT  
7.5.1 Setting up Input Parameters  
Using the Advanced Settings menu (Figure 7.11) that is provided by the model data 
inputs that have been prepared for the Kuils river area was incorporated in to the 
model. 
 
Figure 7.11. Screen shot of model input parameters in N-SPECT’s Advanced Settings 
menu. 
 
First, using the Options menu in the Land Cover Type window of N-SPECT, a new 
land cover data was defined by creating a land cover type for the Kuils River area. 
The new Land Cover Type name was designated as ‘Kuils Eerste Land Use’ and the 
appropriate description of the layer was written in the Description column. The land 
use codes and the Kuils-Eerste River types were respectively entered under the Value 
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and Name fields of the Classification column. The curve numbers that were derived 
for Kuils River catchment were entered into the respective fields as directed in the 
SCS Curve Numbers column. The Cover Factor and the Wet columns were ignored 
because these inputs are geared towards the calculation of erosion using the Revised 
Universal Soil Loss Equation (RUSLE) which is not a major objective of this study. 
Alternatively, the land type data table consisting of all values, land use types and 
curve numbers, could be directly imported into the New Land Cover Type window. 
The imported file would be an ASCII file containing a header row, followed by a row 
of comma-separated values for each of the cover classes. The header row would 
contain the name of the land cover type and a description, separated by a comma (no 
space). Also, an export function in the Land cover type window allows users to share 
their data tables with other users. 
 
Secondly, pollutant coefficients of each water quality parameter in the study were 
loaded into the Pollutants window. These coefficients are the local water quality 
values that were derived through runoff sampling. The pollutant menu was repeatedly 
used to add new pollutants and the Coefficient menu also used to create new 
coefficient sets every time values for another pollutant were to be loaded in to the 
window. A Coefficient Set was defined for every pollutant input using the following 
naming format: ‘pollutant name Set’ in naming the pollutant coefficient set. 
 
The water quality standards that would be used to assess the water quality were 
specified in the model. Using the options menu in the Water Quality Standards dialog 
box, new inputs were created, deleted or exported as deemed necessary. The threshold 
value for each water quality standard is entered in microgram per unit litre (µg/L) 
units. The following threshold values were entered as water quality standards for NPS 
parameters under investigation: 
Total Nitrogen, 26000 µg/L; Total Phosphorus, 150 µg/L; Nitrates, 60 µg/L; Chloride, 
19 µg/L; Total Suspended Solids, 20 µg/L. 
 
Next was the introduction of the precipitation scenarios. This layer is necessary to 
calculate runoff. Again from the options menu of the Precipitation Scenarios window, 
a new precipitation scenario was created, the scenario named, a description of the data 
provided, and the rain fall grid that had been prepared earlier was loaded as the 
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precipitation grid as shown in Figure 7.12. The grid units of the precipitation layer are 
similar to those of the DEM data (10m) and the precipitation units were in 
centimetres. The time period of the precipitation data is annual precipitation data of 
the Cape Flats-Boland regions and the rainfall type or rainfall distribution Type I was 
chosen for the study area. 
 
 
Figure 7.12. Precipitation scenario window for loading up rainfall layers. 
Using the Options menu in the Advanced Settings window, a new watershed was 
created for the analysis. A name was assigned for the watershed, and the DEM grid 
was loaded as the DEM grid. A medium size sub watershed was chosen for any newly 
delineated watershed, the units were defined to be in metres and the algorithm was 
allowed to perform a hydrological correction of the DEM grid by automatically filling 
up all sinks before any further analysis in N-SPECT. During the process of input of 
the DEM, a hydrologic process was set off aimed at creating n watershed polygons 
layers and in the process, a flow direction grid, a flow accumulation grid , vector 
watersheds layer, and length (LS) factor grid were all generated. 
 
The final input layer to be loaded was the soils data layer. Through the Options menu 
of the N-SPECT Advanced Settings, a new soil configuration was added in the Soil 
Setup window. The layer was named, and the Kuils River DEM layer was chosen as 
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the DEM grid. The Kuils river soils layer was then selected as the Soils Dataset and 
the corresponding fields that contained attributes of the hydrologic soil group and the 
soil Erodibility were assigned. 
 
7.5.2 The N-SPECT Run 
A typical N-SPECT run begins with watershed delineation. N-SPECT removes 
artificial sinks and other imperfections that are commonly found in raw topography 
data sets using the FILL command. Next, a flow direction grid is generated from the 
DEM by calculating the downstream flow path of water leaving each cell. 
 
Flow direction is determined by evaluating the relative elevation of the eight cells 
surrounding the cell in question. The neighbouring cell with the least elevation is 
identified as the direction of outflow from the current cell (Jenson and Domingue, 
1988). The value of the current cell in the output flow direction grid is assigned based 
on the value of the cell it flows into, as given in Figure 7.13, where the centre cell is 
being evaluated. For instance, a cell that flows into the cell to its immediate left would 
have a value of 16 in the resulting flow direction grid. Assuming that the diagram is 
oriented in a north-south direction, the values of the output flow direction grid are 
given as follows: Southeast 2, South 4, Southwest 8, West 16, Northwest 32, North 
64, Northeast 128. 
 
 
Figure 7.13. Flow Direction Grid Values.  Source: Jenson and Domingue, 1988. 
 
The flow accumulation grid is created based on the flow direction grid and is used to 
derive a stream network. The values of the cells in a user-specified weight grid are 
summed according to the hydrologic linkages represented by the flow direction grid. 
Each cell contains the total value of all upstream cells that flow through it along the 
flow paths dictated by the flow direction grid (Jenson and Domingue, 1988). The 
maximum value from the flow accumulation grid is multiplied by one of the 
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predefined threshold values (0.001, 0.01, 0.1), which correspond to small, medium, 
and large watershed sizes, respectively. 
 
N-SPECT then extracts a stream network by giving all cells in the flow accumulation 
grid that exceed the defined threshold (0.1%, 1%, 10% of total flow accumulation) a 
numeric value, and coding all other grid cells as NoData. Therefore, the number of 
upstream grid cells flowing into a given cell must be greater than the threshold 
percentage of the total flow accumulation to be classified as part of the stream 
network. 
 
The STREAMLINK command partitions the larger stream network into links where 
one or more reaches come together. The WATERSHED command delineates all of 
the cells that flow directly into each of the individual stream links. The resulting grid 
is the basis for the watershed polygons that are the primary product of N-SPECT’s 
watershed delineation process. The results of the water quality assessment are 
reported using these watershed polygons or a user-defined polygon data layer. 
 
In low-lying areas where there is no significant relief as they are nearly flat, flow 
occurs mostly as sheet flows and digital elevation models are not precise enough to 
represent these subtle changes in elevation. This typically results in the omission of 
significant areas of the study area from the final watershed delineation and prevents 
the watersheds from reaching the actual outfall. This is because these cells are not 
connected, via the flow direction grid, to any grid cells identified as part of the larger 
stream network. 
7.5.2.1. Upstream and Local Effects 
N-SPECT allows users to examine both local and upstream contributions to pollutant 
loads. “Local effects” refers to pollution generated by a single cell or group of cells 
with no input from upstream sources. Upstream effects include local effects but also 
incorporate pollutants flowing into the current cell from upstream cells according to 
the flow direction grid. Local effects are simple to calculate within a grid 
environment, but upstream effects present a challenge. In order to accurately estimate 
upstream pollutant contributions for a given cell, N-SPECT needs to be able to easily 
determine all of the cells that flow into the current cell (N-SPECT, 2004). 
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The BASIN command delineates the major drainage basins within a given DEM. This 
is accomplished by identifying ridge lines and watershed pour points, and then using 
the flow direction grid to determine all cells that drain the same area. N-SPECT 
executes the BASIN command on the DEM and converts the resulting grid to a 
shapefile. Intersecting this basin shapefile with a user-defined area of interest 
(polygon shapefile) yields an approximation of the upstream contributing area and the 
relevant polygons from the basin layer are used to clip the DEM and other input grids. 
Although this approach is not ideal, it provides a reasonable estimate of contributions 
from upstream sources (N-SPECT, 2004). 
7.6 Report and Discussion of Model Outputs 
A basic run of N-SPECT was performed using the customized data sets for the Kuils 
River area and the results that were obtained from the analysis were just baseline 
approximations of surface runoff, and pollution mobilization caused by surface 
runoff. In total, nine output data sets (maps) were produced during the analysis and 
were organised within a group layer and the project named as ‘N-SPECT_Kuils’. The 
output data sets that were produced during the analysis are the following: 
Accumulated Runoff (L), Total Phosphorus concentration (mg/l), Total Nitrogen 
Concentration (mg/l), Nitrate Concentration (mg/l), Chloride Concentration (mg/l), 
Total Suspended Solids Concentration (mg/l), Accumulated Loads of Total Nitrogen, 
Nitrates, Total Phosphorus, Chlorides, TSS, Limits raster for Total Phosphorus, Total 
Nitrogen, Chlorides, Nitrates, TSS. Figures 7.14 to 7.27 are the output grids that were 
generated after the model run on Kuils River Data. The layers have been displayed in 
pairs to ease comparison between conditions in the year 2006 and 2007. 
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Figure 7.14. Map showing the Total Nitrogen Accumulated 
 in the year 2006. 
 
Figure 7.15. Map showing Total Nitrogen load 
accumulated in the year 2006. 
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Figure 7.16. Map of Nitrate load accumulated during 2006  
in the Kuils River catchment. 
 
 
Figure 7.17. Map showing the Nitrate load accumulated  
in the year 2006. 
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Figure 7.18. Total Suspended Solids Loads accumulated  
during 2006 in the Kuils River catchment. 
 
 
 
Figure 7.19. Total Suspended Solids Load accumulated  
during 2006 in the Kuils river catchment. 
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Figure 7.20. Total Phosphates loads accumulated in 2006. 
 
 
Figure 7.21. Total Phosphates Loads accumulated 2007. 
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Figure 7.22. Distribution of TP in Kuils River catchment. 
 
 
Figure 7.23. Distribution of TP in Kuils River catchment. 
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Figure 7.24. Nitrates map of the Kuils River catchment in 2006. 
 
 
Figure 7.25. Nitrates map of the Kuils River catchment in 2007. 
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Figure 7.26. Nitrates map of the Kuils River catchment in 2006. 
 
Figure 7.27. Nitrates map of the Kuils River catchment in 2007. 
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Figure 7.28. Distribution map of TSS in 2006. 
 
 
Figure 7.29. Distribution map of TSS in 2007. 
 
 
 
 
 
 203
 
Figure 7.30. Distribution map of Chlorides in 2006. 
 
 
Figure 7.31. Figure 7.31. Distribution map Chlorides in 2007. 
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Figure 7.32. Map of contamination levels in the Kuils River. 
 
Figure 7.33. Map of pollution levels in the Kuils River system. 
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Figure 7.34. Accumulated runoff (L) in Kuils River during 2006. 
 
 
Figure 7.35. Accumulated runoff volume in the Kuils River 
channel. 
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The results reveal that the accumulated loads of pollutants from the catchment 
increased substantially for all the pollutants from the year 2006 to the year 2007. 
Figures 7.14 and 7.15 show annual Nitrogen loads increased from 3,511,972 kg in 
2006 to 6,860,748 kg in 2007. Similarly, annual Nitrates loads increased from 
7,473kg to 17,931kg (Figures 7.16 & 7.17), TSS loads from 1,101,124 kg to 
2,201,081 kg (Figures 7.18 & 7.19), TP from 8,196 kg in 2006 to 19, 981 kg in 2007 
(Figure 7.20 & 7.21), etc. This could be explained by the possible increase 
mobilisation of pollutants by increased surface runoff between these two years. 
Rainfall interpolation results revealed that there was an increase in precipitation 
between 2006 and 2007 (Table 7.6). This slight increase in total rainfall amounts is 
the possible cause of this increase in accumulated pollutant loads because increased 
rainfall meant increased mobilisation and transportation of pollutants due to impacting 
by rain drops and the occurrence of higher volumes of runoff on the surface. Above 
all, the results confirm that surface water pollution is in an upward trend and at 
incredible rates in the catchment. 
 
In related results, the model simulations revealed that, there was an increase in 
discharge loads at the mouth of the catchment from 2006 to 2007. Runoff volumes in 
2006 were estimated to be 11,384,200,000 litres in total per annum whereas discharge 
was estimated at 23,054,500,000 litres in the following year 2007 (Figures 7.34 & 
7.35). This increase could also be tied to the effects of increased discharge and to 
some extend a possible increase in the amount of runoff generated from the 
continuous increase in disturbed (impervious) surfaces in the catchment. Disturbed 
land surfaces include compacted surfaces, channelized surfaces, constructions, which 
are some of the activities that increase the imperviousness of the surface thereby 
leading to more flows and less underground recharge. 
 
One of the outputs of the analysis by N-SPECT is the pollutant concentration grid. 
This is a map layer showing the spatial distribution of pollutants in the catchment and 
compares the contributions of each land use/cover to the observed pollution 
generated. A spatial observation of the pollutant distribution maps does not reveal any 
changes in the spatial extent to which pollutants are generated between the two years 
(Figures 7.22 to 7.31). But The N-SPECT model provides facilities through which 
catchment parameters (characteristics) could be calculated. These calculations run in 
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VBScipt avenue script environment. These scripts could calculate the perimeter and 
the area of the catchment and immediately use the above to calculate the 
basin/catchment shape. The basin shape is a ratio of the basin perimeter and the 
square of the basin area. It is a very important characteristic in that it influences the 
time of concentration and the magnitudes of peak discharge for any precipitation 
event. Lower values represent more compact basins and higher values represent more 
elongated basins. Elongated basins exhibit more sustained hydrographs than rounded 
basins resulting in a steady input to the outlet. 
 
The basin shape could not be deduced through the facilities of N-SPECT due to some 
fault in PC system that harboured the model. The VBScript that is necessary for the 
above was absent or defective. But efforts were made to manually measure the 
perimeter of the catchment which measured to approximately, 96,060m (96km).The 
area of the catchment was extracted from the attribute table of the land use grid data 
layer, 201,126,600m2. Computing basin shape using these two values as follows:
 Basin shape = Perimeter/[area]2 
The basin ratio is an infinitesimally small quotient which confirms that the catchment 
is a constrained one with possibly low time of concentration or rapidly peaking 
hydrographs exhibiting rapid discharge rates after an event. Furthermore, the river has 
been prone to flash floods on account of the effects of large impervious surfaces and 
extensive channelization of water ways making concentration times to be very short 
as a result. 
7.6.1 Extracting land use specific pollutant contributions: 
ArcGIS Spatial Analyst was used to perform Zonal statistic analysis on the land use 
layer using the available pollutant data produced during earlier analysis. The zone 
data set was the land use of Kuils River (Kuils) grid, the zone field was the <Name>, 
and the value raster was chosen as the respective output layers of N-SPECT baseline 
analysis using the Kuils River inputs data. The results from these calculations occur in 
tables that summarize the pollutant load raster values for each land use class in the 
Kuils River catchment and using the “join output table to zone layer” command in the 
Zonal Statistics window, the land use class layer data is joined to the statistical values. 
The Zonal Statistics tool was used to summarize raster values for each unique land 
use / land cover class in the Kuils River data layer and the contribution of specific 
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land uses to total pollution was assessed using the results that were obtained from 
baseline analysis in the Kuils River catchment using N-SPECT model. The statistical 
value for each class were created in tables and later linked (joined) to the original 
raster classes. During Zonal statistics analysis extra care was taken to automatically 
add output tables to the zone layer and the results achieved displayed quantitatively 
using the symbology scheme in a GIS map window. Figures 7.22 to 7.31 show the 
spatial distribution of pollutants but these maps alone may not be enough to 
adequately interpret the actual prevailing scenarios. Statistical tables become handy 
aids for better interpretation of modelling results. 
 
Appendix 5 shows a table that contains the percentage contribution of each land use 
class to each pollutant investigated. The table also includes the contribution to runoff 
by each of the available land uses. A spatial distribution map alone would not be 
sufficient for a qualitative analysis of the contribution of land use activities to 
pollution. The Zonal statistics table further reveals that, built up/impervious areas and 
the vineyards were the prominent suppliers of TSS to overall TSS load followed by 
density formal MDR and informal HDR formal township residential areas. 
 
For instance, Figure 7.24 shows that the nitrate distribution in the catchment is not 
uniform. A high percentage of nitrates originate from the eastern ‘horn’ of the 
catchment where Bottelary River drains mainly medium density residential areas and 
agricultural lands. Results from the Zonal statistics table (Appendix 6)confirms this 
observation as it shows that about 55.5% of the total nitrates contribution comes from 
the vineyards and remainder almost proportionately distributed amongst the remaining 
32 classes in the catchment. 
7.6.2 Water Quality Limits: 
Amongst the output grids that were generated after a complete N-SPECT run is a grid 
of water quality limits. This grid shows the accumulated levels of contaminants in the 
flow channels in excess of an area specified threshold or water quality standards. 
Figure 7.32 and Figure 7.33 are the water quality limits outputs for nitrates and 
chlorides, respectively. Looking at both maps shows that the distribution of reaches of 
the catchment that show water quality exceedance or still within the limits of 
previously defined water quality standards does not show any variation between the 
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two figures. The same pattern of pollution occurs for all other pollutants that were 
investigated using the model. The uniformity in these results might simply be 
interpreted as evidence of the pollution levels in those reaches or it could still be error 
cause by some bug in the algorithms. However, Figures 7.32 and 7.33 shows that the 
main stream remains within acceptable limits of water quality whereas the 
contributing streams are beyond the limits. This could be explained by the fact that 
surface discharges from polluted surface maintain high concentrations but upon entry 
in the main stream channels that contains higher flows volumes, the inputs from these 
contributing input streams become diluted and less concentrated. This pattern might 
also continue downstream with intermittent sections that exceed limits due to 
increased pollution inputs and alternate dilution effects further downstream. The 
activities of aquatic plants (eutrophication) that utilise e.g. nitrates and phosphates in 
aqueous medium is a major explanation for some observed purification of the river at 
certain stages. 
7.7 Evaluation of Model Results 
Proper verification of the efficacy of the model required the use of regular flow 
observation data for the Kuils River. Such regular readings were never accessed 
during this study. Therefore attempts were made to gather such data by sampling the 
stream at selected point and measuring flow from time to time. The procedures that 
were involved to achieve this aim have been explained in Chapter 5. 
7.7.1 Local Effect Analysis 
Using N-SPECT model, a catchment scale analysis was performed on small 
catchment that was defined from a point where stream flow measurements were 
undertaken. The purpose of this procedure was to compare the model estimates with 
the observed estimates that were measured in the field and by so doing attempt an 
evaluation of the model results. Figure 7.36, shows a small catchment that was 
defined from the point where stream flow was measured on the Kuils River channel. 
Then on the basis of catchment shape, a local effects analysis was performed using N-
SPECT model. The results from these analyses gave a total annual runoff accumulated 
at the selected point to be 8,449,979,712 or 8.5x109litres. Compared with the observed 
readings in  
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Figure 7.36. Accumulated runoff from small catchment in Kuils River. 
Table 7.14. Annual discharge estimates for selected points on the Kuils River. 
Catchments Date Discharge (m3/s) Discharge (Litres/Year) Data Source
Sonstaal Upper 18.05.2007 1.51x10-4 4761936 Table 11
Sonstaal Lower 18.05.2007 9.8 x 10-4 30905280 Table 12
Sonstaal Upper 23.07.2007 0.132 4162752000 Table 13
Sonstaal Lower 23.07.2007 0.185 5834160000 Table 14
Sonstaal Upper 27.07.2007 0.354 11163744000 Table 15
Sonstaal Lower 27.07.2007 0.655 20656080000 Table 16
Fairtrees Dr 27.07.2007 0.205 6464880000 Table 19 & 20
Fairtrees Dr downstream 27.07.2007 0.415 13087440000 Table 22
Kuils R (channelised) 13.08.2007 391.72 12353281920000 Table 23
Kuils R (channelised) 14.07.2007 436.58 13767986880000 Table 24
Annual Discharge Computations for Selected Points of Measurement
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Figure 7.37. Accumulated Chloride load from small catchment. 
 
Table 7.14 which are discharges computed from flow measurements undertaken at the 
same point during winter of 2007, it was found that the observed figures were much 
higher at about 1.23 x 1013 litres. This means that the simulations have not entirely 
accounted for all the runoff resulting from the catchment to the channel. However, it 
is important to note that stream discharge was measured just once after an event and 
the results extrapolated to yearly estimates whereas results from model simulations 
represent an annual picture where the total rainfall was averaged between 60 rainy 
days. The above discrepancy in the field and simulated results might even suggest an 
adjustment in the curve number inputs to improve the simulation estimates (i.e. 
generate more runoff). On the whole, these results remain very inconclusive due to 
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insufficient regular flow data inputs from the stream for verification and calibration of 
model. 
 
Between 2006 and 2007, there were no noticeable variations in the percentages of 
pollutants that emanated from the land use classes when the classes are compared 
together. This means that the change in precipitation did not influence the potential to 
generate pollutants so long as the surface conditions remained. With any changes in 
the land characteristics, one would expect a corresponding response in terms of the 
potential to emit chemical substances. The results do show that the following classes, 
vineyards, industrial areas and the MDR residential areas, contribute the most towards 
the pollution in the catchments’ streams and rivers. The vineyards contribute an 
average of over 40 % of the entire load from classes followed by the industries and 
then the residential areas ad open barren lands (see Appendix 5). 
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CHAPTER  8 CONCLUSION AND RECOMMENDATIONS 
 
Inland water quality issues are of increasing concern among water resource managers 
and planners worldwide as pollution and sediment levels from point sources and Non 
Point Sources continue to mount. Specific physical, chemical and biological 
characteristics of water are directly impacted by the anthropogenic activities that take 
place in the catchment. Prior to modelling all inputs were locally generated and 
adapted to the prevailing local conditions in the catchment in order to obtain results 
that would be as close as possible to current scenarios in the catchment. 
 
Generating EMC data for a catchment as complex as the Kuils River catchment was a 
great challenge. The acquired data being the first of its kind for the area could serve as 
a base for future references. However, setting up a dedicated scheme that could 
monitor surface runoff on a continuous basis would produce data that can compliment 
the data accumulated during this study. 
 
The N-SPECT model proved efficient towards the estimation of runoff and pollution 
levels in the catchment. Although it is a model that was designed initially for the 
Hawaiian Islands, its flexibility to allow for user-specified attributes from all over the 
world made it a very handy tool to achieve the major objectives of this study. The 
results have clearly shown display of the spatial distribution of sources of particular 
pollutants in the catchment. Expert or advanced knowledge in using this model to 
investigate the origin and the fate of pollution might reveal more results. It would 
however be worthwhile if these results produced using N-SPECT are compared to 
those of other hydrologic models using the same inputs. The results from other 
hydrological models would be good indicators of the effectiveness of the algorithm to 
the localised conditions and would add to the credibility of the results for use by water 
resource managers for implementation of sustainability schemes. 
 
It was observed that some parts of the catchment generated very little runoff contrary 
to expectation considering the nature of the surface. During runoff modelling the 
curve number method assumes that about 20% of the total rainfall in an event is lost 
through initial abstraction. This value tends to be a little too high to reflect the true 
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runoff potential of some surfaces. Hawkins et al., (2002) and Lim et al., (2006) have 
proposed a 5 % initial abstraction value rather than the usual 20 % to be appropriate 
for especially urban areas to improve runoff response and by doing so an adjustment 
in the existing CN. It could be recommended that during future studies a lower initial 
abstraction constant be assigned to the land use / land covers and evaluates the 
response that this phenomenon would have on the runoff process in this catchment. 
Hawkins et al., (2002) and Lim et al., (2006) argue that with such adjustments runoff 
might still be generated on more surfaces even during critical rainfall margins (2.3cm 
and 13.5 cm) if the appropriate Ia values are investigated and implemented. 
 
Further improvements may be expected when land use/cover changes are considered 
as well as the impacts of these changes on HSG. The land use grid that was used 
during this study was prepared from data collected in 2005 while EMC data reflected 
activities in later years. There is need for a regularly updated land use and land use 
change data base of the catchment since the prevalence of pollution has often been 
attributed to the existing surface land uses on contributing areas. The use of the 
original HSG value for urbanised areas is often a poor assumption because earth work 
operations result in significantly compacted and disturbed soils (Hawkins et al., 2002; 
Lim et al., 2006). The effects of the soil compaction when estimating runoff need to 
be accounted for in future research. A detailed and comprehensive soil survey which 
specifically addresses the hydrologic properties of soils would be very essential to 
meet such a goal in the future. 
 
It was initially planned to use stream discharge data acquired through field 
measurements in place of regular stream discharge data for calibration and modelling 
results. However, attempts to use such records from the Kuils River during the study 
gave inconclusive results, as the records were insufficient. Continuous regular stream 
discharge records from gauging station would have been ideal for the above purpose. 
To improve on the present scenario, regular stream flow monitoring should be kept 
for the Kuils River catchment to better calibrate future modelling in the catchment. 
Additional efforts must be made in devising means to install gauging stations in the 
urban river system without posing any threat to regular flow, public property and also 
safe from vandalism. 
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It was observed that a great percentage of the total precipitation was unaccounted for 
in the surface flow estimations suggesting that subsurface flows are playing a great 
role in the water balance in the Kuils River catchment. Of interest would be the results 
from further investigation of the contributions of infiltration and base flow to the 
discharge in the catchment. 
 
To some extend the sources of NPS pollutants were modelled and the contributions 
for specific land parcels were defined for short-term analysis. These findings could be 
the basis of a sound catchment sustainability plan for the Kuils River catchment. 
However, pollution of stream from surface runoff alone would never be satisfactory as 
an explanation of the origin of the observed pollution levels in the river since this 
phenomenon includes the contribution of other hydrological processes in balancing 
the hydrological budget. 
 
8.1 Evaluation of research objectives 
In chapter one of this report (section 1.2), a number of objectives were outlined as a 
guide to a successful completion of this study. The following section includes an 
evaluation of each of the outlined objectives. 
 
The first objective was to develop a detailed land use/cover map of the Kuils-Eerste 
River catchment area using common GIS and Remote Sensing software. This 
objective was successfully completed using ArcGIS, ArcView 3.3 extensions, Global 
Mapper and a number of remote sensing applications. The results showed a detailed 
land use/cover map of the area that contained 36 classes. These classes served as 
potential sources of NPS pollution and surface runoff was sampled from each of these 
classes and analysed for their water quality. 
 
The second objective was to conduct hydrologic experiments on runoff plots at 
selected locations for measuring surface runoff characteristics. Four of such plots 
were constructed on grassland patch, vineyard, Fynbos bush land and in a pine forest. 
Runoff from these plots were analysed for their pollutant EMCs and the total 
discharge volume was measured for each event. The data from these plots were 
incorporated in to the EMC data and then applied into the GIS runoff pollution model. 
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The third objective was to estimate the volume of surface runoff through GIS 
modelling using the NRCS curve number method. The Nonpoint Source Pollution and 
Erosion Comparison Tool (N-SPECT) model was downloaded from the NOAA 
Coastal Services Center’s website and was employed in estimating surface water 
runoff volumes, pollutant concentrations and pollutant loads. The modelling process 
was performed on the Kuils River catchment and the results were displayed as maps. 
These results clearly indicated the variations in the volume of runoff and the quality 
of runoff produced from the various land use/covers in the catchment. These results 
also satisfy the sixth objective outlined in 1.2 above. 
 
Prior to modelling, surface runoff water was collected from different land use types 
for their quality through sampling and a water quality. It was a tedious and laborious 
process but in the end an event mean concentrations database was generated. Land 
use/cover surfaces which were not sampled through this means were sampled by mans 
of runoff plots. The acquired data became one the main inputs in the N-SPECT 
model. 
 
Objective five was to collate available information on stream flow volumes, stream 
chemistry and surface runoff water quality. It was difficult to acquire such ready data 
for the Kuils River. So, stream measurements were done on two sections of the Kuils 
River to quantify the flow and samples were collected from six sample points to 
quantify the pollution load. The results from these measurements were used to 
evaluate the estimates from the N-SPECT model. 
 
On the whole, all the outlined objectives of the project were attained and the 
procedure and the results that were obtained have been described in detail in the 
chapters of this report. 
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APPENDICES 
Appendix 1. Water Quality Data Spreadsheet for Kuils-Eerste River Catchment Runoff Water Samples Collected During 2006. 
 
UWC Lab EMC UWCTP CCT Lab EMC UWCTP (mg/L) EMC N (mg/L) EMC N (mg/L) EMC Cl (mg/L) EMC DO (mg/L) EMC COD (mg/L) EMC TSS
0.16
0.07
0.14
0.07
0.68
0.3
Over Range 0.7
8.55 2.4
3.91 1.02 18.7
8.3 1.11 25.8
Over Range 1.13 0
2.58 33.3
Land Use
31
/0
7/
2 0
06
33.3
22.25
1.55
Total N
1
3
/
0
7
/
2
0
0
6
0.105
Major road B
Vineyard
2
1
/
0
7
/
2
0
0
6
Major road A
0.49Urban Res.Area
0.115Paved Path UWC
Car Park UWC
8.55
6.105
2.58
1.065
1.13
Chloride DO COD TSSNitrateTotal P (mg/l)
Date
y
Arterial road 3.65 3.65 * * 33.9 33.9
Grass Field 2.51 2.51 0.78 0.78 -1.4 -1.4
Industrial Area 2.83 2.83 0.5 0.5 Ov Rng *
Car Park 1.51 1.51 0.58 0.58 -1.7 -1.7
 Arterial road * * 0.13 0.13 0.75 1.425 0.2 0.2 7.06 7.06 8.3 8.3 35 35 122 122
Grass Field 3.08 3.08 0.686 0.686 2.1 * 0.06 0.06 36 36 5.9 5.9 70 70 48 48
1.15 0.282 1.77 0.91 7.12 11.66 6.6 6.6 44 38.5 170
* 0.491 1 0.26 16.2 6.6 33 544
0.49 0.112 0.4 0.1 5.42 6.6 6.45 22 29 264
* 0.274 0.43 0.11 14.3 6.3 36 280
0.45 0.102 0.38 0.06 8.37 5.6 5.8 34 35 9
0.99 0.298 0.54 0.06 11.8 6 36 710.105
0.585 9.86
10.085
Industrial Area 0.585
Car park
Residential Area
1
4
/
0
8
/
2
0
0
6
0.46
0.415
1.385
0.72
0.49
1.15
40
272
3570.3865
0.193
0.2
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Appendix 2. Runoff Water Quality Data base collected May - September 2007. 
Date
p
ID Land Use/Cover Type pH EC Total P Total N Nitrate Chloride DO COD TSS
(mS/m) (mg/l) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
19-May-07 KR 001 Road agric area 0.15 0.08 9.7 7.5 38 121
KR 002 MDR2 0.42 0.11 11.5 7.1 23 8
KR 003 MDR1 0.35 0.25 12.4 7 17 3
KR 004 Tarred parking 0.14 0.06 10.6 6.1 45 33
KR 005 Comm.parking2 0.15 0.07 8.8 6 121 76
KR 006 Road1(commercial) 0.2 0.09 13.2 4.8 124 58
KR 007 Road2 (commercial) 0.64 0.04 7.9 2.9 530 574
KR 008 Road (Freeway) 0.16 0.07 4.4 6.9 56 159
KR 009 Indus.2 0.09 0.08 6.2 8 13 45
KR 010 Comm.parking3 0.08 0.11 5.3 7.5 56 45
KR 011 Vineyard 1.95 0.03 7.1 4.6 370 590
KR 012 Grass plot 0.37 0.04 6.2 7.9 22 158
KR 013 Open Parking 0.18 7.06 13.2 6.9 51 85
KR 014 Comm.parking1 0.14 1.26 7.9 4.8 82 74
KR 015 Indus.1 0.18 0.01 5.3 5.8 100 38
KR 016 Road (Ind.) 0.15 0.29 8.8 7.7 58 51
KR 017 Indus.  0.17 1.03 9.7 7.6 28 35
06-Jun-07 KR 001 Commercial area (road) 0.85 358.23 0.69 75.1 3 370 100
KR 002 Commercial area (road) 0.17 237.61 0.28 9.71 6.8 65 36
KR 003 Residential area A 1.11 205.3 0.3 15.89 4.9 68 31
KR 004 Residential area B 0.13 213.69 0.28 7.95 5.4 57 21
KR 005  Road 0.1 124.14 0.07 4.41 5.6 78 39
KR 006 Parking area (cars) 0.04 165.53 0.08 5.3 6.6 88 111
KR 007 Road 0.07 467 0.36 3.53 5.3 44 71
KR 008 Industrial area A 0.13 388.29 0.21 4.41 5.2 41 56
KR 009 Industrial area B 1.25 215.11 3.16 16.78 6 355 393
7-8 June 07 KR001 Car Park 8.7 107.3 0.27 509 0.16 16.78 5.4 121 105
KR002 Main road 8.7 181.9 0.53 303 0.4 17.66 3.8 305 226
KR003 Industrial area 8.5 976 0.46 329 0.03 38.6 4.8 114 130
KR004 Agriculture 9.4 843 0.63 257 2.03 8.2 6.2 113 89
KR005 Grassland 8.4 41.1 0.28 400 0.24 8.83 8.2 35 52
25-Jun-07 PI 1st Industrial area (Philippi) 7.8 7.08 178 0.28 57.4 3.6 560 34
PI 2nd Industrial area (Philippi) 8.5 0 469 0 35.3 6.8 12 122
PHA 01 Agriculture (horticulture) 8.6 0.93 183 0.05 23.84 4.8 545 149
PHA 02 Agriculture (horticulture) 8.1 3.2 332 0 102.4 1.1 1475 122
PHA 03 Agriculture (horticulture) 8.6 1.52 151 0.98 45 4.1 920 246
MF 1 MDR (Mfuleni storm drain)1  8.6 0.4 312 0.23 21.19 6 635 164
MF 2 MDR (Mfuleni) sample 2 8.7 0.5 255 0.06 29.14 5.8 540 178
Plot 1 Grassy plot 9.2 0.11 120 0 8.83 7.6 4 51
Plot 2 Vineyard 8.2 0.98 171 1.24 37.08 4.8 445 95
PSBCP 1 Car Park (Comm. Centre) 8.8 0.22 233 0.21 25.6 5.5 500 130
PSBCP 2 Car Park (Comm. Centre) 8.4 0.66 225 0.37 30.9 4 675 194
BH 1 Industrial (Blackheath) 8.4 0.14 294 0.46 65.34 6 550 149
KR 015 Road (Landsdowne Rd) 8.6 0.43 242 0 31.79 3.3 1060 385
17-Jul-07 KR 2001 Sonstraal stream 0.32 199 1.58 255.6 5.8 92 85
KR 2002 Trib. Stream Sonstraal 0.23 229 0.87 384.2 4.3 71 66
KR 2003 Sonstraal beyond confluence. 0.22 251 0.56 216.7 6 72 625
18-Jul-07 KR Sonstraal dam outlet 0.08 265 0.82 112.2 6.8 22 9
KR Sonstraal dam inlet 0.12 284 0.69 239.2 6.8 38 10
20-Jul-07 KR 1.75 299 0.28 19 5.2 123 313
KR 1.04 334 0.35 16.4 6.1 97 185
KR 0.9 368 0.24 12.95 4.5 86 205
KR 0.62 424 0.32 11.22 7.8 66 90
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Appendix 2. Cont.d 
Date Sample ID Land Use/Cover Type Total P Total N Nitrate Chloride DO COD TSS
KR 2007a 0.3 456 2.2 94.1 6.8 121 176
KR 2007b 0.21 223 1.23 72.52 8.2 79 285
KR 2008 Kuils R upstream 0.13 571 2.24 250.4 6.2 72 18
KR 2009 Kuils R downstream 0.2 609 2.07 234 5 68 17
KR 2010 Kuils R tributary 2.19 660 0.42 215 5.3 83 34
26-Jul-07 Sample 5 Grassland (Sonstraal dam) 0.12 565 0.03 261.6 7.3 120 9
Sample 6 minor road (Sonstraal) 0.08 450 0 12.95 8 29 67
Sample 7 Storm runoff (@dam inlet) 0.19 439 1.04 46.63 7.9 46 5
Sample 8 Sonstraal dam outlet 0.07 353 0.26 103.61 7.8 50 6
Sample 9 Sonstraal dam inlet 0.07 431 0.35 48.35 8.2 40 20
27-Jul-07 Sample 1 Sonstraal dam inlet 1.31 583 0.37 90.66 5.6 73 2
Sample 2 Sonstraal Dam outlet 0.06 407 0.36 96.71 6 49 26
Sample 3 tributary Stream Durbanville 0.17 351 1.87 115.7 8 51 28
Sample 4 tributary Stream culvert sample 1.41 460 0.35 94.98 7.8 76 22
30-Jul-07 Sample 10 Kuils river stream sample 0.36 523 2.48 140.74 5.4 88 17
Sample 11 Bottelary stream 0.25 417 1.99 215 5.8 78 16
13-Aug-07 KR 3 Kuils river Upstream 0.14 461 2.59 172.9 8.4 44 10
14-Aug-07 KR 2 KR BRIDGE 0.26 483 0.62 72.98 7.9 34 71
28-Aug-07 KR 9 Plot 2 Composite Sample 1.69 343 0 35.62 7 74 5
28-Aug-07 KR 10 Plot 1 Composite Sample 1.34 547 0.14 31.28 8.1 49 101
29-Aug-07 KR 5 Plot 1 Base flow Sample 0.93 310 0 34.75 8.2 38 41
31-Aug-07 KR 4 Plot 1 Sample 1.88 360 0.54 26.93 6.1 139 41
31-Aug-07 KR 7 Plot 1 Subsurface flow 0.46 395 0 33.88 8 24 30
03-Sep-07 KR 8 Plot 2 3.02 802 0 84.27 3.6 710 74
03-Sep-07 KR 12 Simulations on plot2  125ML 10MIN 0.17 362 0.1 19.98 0 39
03-Sep-07 KR 13 Simulations on plot2  190ML 7MIN 0.23 382 0.04 16.51 0 47
03-Sep-07 KR 14 Simulations on plot2  178ML13MIN 0.14 317 0 18.24 0 34
03-Sep-07 KR 15 Simulations on plot2  190ML 16MIN 0.15 350 0 19.11 0 37
03-Sep-07 KR 16 Simulations on plot2  25MIN 0.13 375 0.01 20.85 0 31
03-Sep-07 KR 17 Simulations on plot2  150ML 19MIN 0.2 620 0.02 19.98 0 23
03-Sep-07 KR 18 Simulations on plot2  200ML 1MIN 0.23 561 0.03 15.64 0 44
03-Sep-07 KR 19 Simulations on plot2  190ML 22MIN 0.2 494 0 21.72 0 9
03-Sep-07 KR 20 Simulations on plot2  Composite 0.14 360 0 20.85 8.1 22 60
06-Sep-07 KR 11 Plot 2 Subsurface flow-Coke Bottle 0.64 317 0 17.38 6.3 22 19
06-Sep-07 KR 21 Kuils River Location? Sample 1 1MIN 0.38 311 0 16.51 6.4 115 245
06-Sep-07 KR 22 Kuils River Location? SAMPLE 2 0.11 273 0 13.9 8.1 53 111
06-Sep-07 KR 23 Kuils River Location? SAMPLE 3 0.09 280 0.09 13.03 8.3 61 55
06-Sep-07 KR 24 Kuils River Location? SAMPLE 4 0.05 438 0.06 12.16 8.2 35 39
06-Sep-07 KR 25 Kuils River Location? SAMPLE 5 0.01 321 0.96 91.22 7.9 47 25
06-Sep-07 KR 26 Kuils River Location? SAMPLE 6 0.04 362 0.78 95.56 8.4 48 20
06-Sep-07 KR 27 Kuils River Location? SAMPLE 7 0.04 283 0.88 98.17 8.3 26 20
06-Sep-07 KR 28 Kuils River Location? SAMPLE 8 0 588 0.92 92.09 8.2 33 18
06-Sep-07 KR 29 Kuils River Location? SAMPLE 9 0.02 449 0.92 90.35 8.4 39 20
13-Sep-07 KR 1 Plot 2 4.34 387 0 43.44 6 335 40
13-Sep-07 KR 6 Plot 1 Composite Sample 0.75 445 0 19.11 7.4 35 8
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Appendix 3. Sampling Sites in the Kuils river catchment area. 
Elevation asl
ID Site y (lat) x (lon) Elev (m)
2 P2 -33.95644 18.72652 162
3 OO2 -33.94976 18.70557 83
4 OO3 -33.95001 18.70703 88
5 OO4 -33.95332 18.72550 163
6 OO5 -33.95518 18.72047 116
7 OO7 -33.95510 18.66502 30
8 OO8 -33.95409 18.66543 31
9 OO9 -33.92556 18.68006 49
10 OO9 -33.92556 18.68006 49
11 O10 -33.95416 18.73088 199
12 O11 -33.95291 18.73421 234
13 O12 -33.95638 18.72658 171
14 OO1 -33.95697 18.72576 89
15 PINE -33.94679 18.73793 333
16 LOO4 -33.94673 18.73789 333
17 BRAKENFL -33.88612 18.69731 91
18 OPEN AREA -33.89905 18.68356 60
19 voelvlei -33.92458 18.66381 44
20 GRASBOTTL1 -33.91640 18.68814 51
21 GRASBOTTL2 -33.91610 18.68824 48
22 PINE OLIVE -33.92104 18.68066 41
23 SCRUB2 -33.91561 18.68776 51
24 SCRUBBOTTL -33.91586 18.68798 52
25 O14 -33.95223 18.68440 49
26 O14 -33.95223 18.68440 49
27 O15 -33.95223 18.68440 48
28 O16 -33.95224 18.68442 48
29 STLNDL MDR -33.95224 18.68439 48
30 STRAWBRY -33.96237 18.74329 127
31 VEG FARM -33.94823 18.70255 78
32 CARPark -33.92690 18.68038 92
33 P2 -33.95644 18.72652 162
34 road sample -33.93082 18.62927 -46
35 bellvile bus stop -33.90554 18.62940 56
36 CARPK BRKFL -33.88037 18.68478 10
37 "commercial str,bllvlle" -33.90513 18.62785 53
38 HDR stikland -33.90380 18.65700 54
39 storm drain -33.90559 18.67016 12
40 EVEDAL STRM -33.85109 18.66552 91
41 SONSTRAL 1 -33.84876 18.66263 96
42 O23 -33.91740 18.63364 43
43 FAIR TRSUPR -33.84143 18.66765 93
44 FAIRTRESLWR -33.84186 18.66747 96
45 FAIRTRS 03 -33.84145 18.66765 96
46 SSNTRL UP -33.84781 18.65886 177
47 STMDRN UP -33.84815 18.65898 106
48 KUILS -33.84102 18.66558 55
49 TRIB STRM -33.92686 18.67599 27
50 K07100201 -33.85765 18.66770 114
GPS Coordinates
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Appendix 3 cont’d 
Elevation asl
ID Site y (lat) x (lon) Elev (m)
51 K07100202 -33.92229 18.67576 38
52 K07100204 -33.92508 18.67585 43
53 K07100205 -34.02936 18.73057 16
54 K07100206 -34.05468 18.73314 5
55 K07100207 -34.01249 18.67388 26
56 K07100208 -34.01265 18.67393 24
57 K07100209 -34.01246 18.67338 25
58 KB07100203 -33.92360 18.67599 68
59 BLKHT IND -34.05504 18.73248 49
60 BOT3 -33.91091 18.70433 58
61 BOT4 -33.89043 18.73721 79
62 BOT5 -33.89027 18.73737 78
63 BOT6 -33.89021 18.73722 79
64 BOT7 -33.88231 18.75128 92
65 BR07110801 -33.91613 18.68750 49
66 UPPER SIMUL -33.95432 18.73099 235
72 KR07112106 -33.84824 18.71842 103
73 KR07112107 -33.85269 18.72345 107
74 KR07112108 -33.85523 18.71995 106
76 KR07112110 -33.83886 18.73074 105
77 KR07112111 -33.89664 18.67769 54
87 KR07112121 -33.96243 18.70047 53
90 KR07112124 -34.01302 18.68206 26
92 ER SITE 1 -33.94154 18.85585 93
93 SITE 2 -33.95467 18.83127 59
94 SITE 3 -33.95436 18.83116 -6
95 O24 -33.90431 18.66717 72
96 O25 -33.94689 18.73759
97 O26 -33.94688 18.73797
98 KR08061101 -33.91018 18.66381 69
100 KR08061103 -33.98768 18.72534 43
106 KR08061109 -33.95322 18.71777 120
107 KR08061110 -33.95322 18.71777 120
GPS Coordinates
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Appendix 4. Tables showing computation of EMC Data base. 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
21/05/08 KR08052109 0.15 15.5 90 0.2 8 8.1 97
29/05/08 KR08052903 2.96 10.6 24 0.11 10 6.9 107
KR08052908 0.47 32.67 37 0.4 10 7.1 69
19/06/08 KR08061901 1.02 15.89 28 0.2 2 6.8 53
20/06/08 KR08062005 0.73 9.71 128 0.21 4 7.4 35
KR08062007 0.72 13.24 870 0.39 11 7.7 26
Max 2.96 32.67 870 0.4 11 8.1 107
Min 0.15 9.71 24 0.11 2 6.8 26
Median 0.725 14.37 63.5 0.205 9 7.25 61
Mean 1.01 16.27 196.17 0.25 7.50 7.33 64.50
Standard Dev 1.00 8.41 332.63 0.12 3.67 0.50 32.76
EMC data base for Mountain Forest (Class 1) in the Year 2008
Parameters
 
 
Date Sample ID
nitrate chloride TSS TP TN DO COD
21/05/08 KR08052107 1.15 22.03 80 0.31 2 7.4 58
29/05/08 KR08052902 0.86 8.83 43 0.16 2 7.3 82
KR08052905 0.16 11.48 83 0.11 16 6.8 118
09/06/08 KR08061912 2.52 22.96 15 0.23 7 6.9 64
KR08062006 1.17 15.89 8 0.16 2 7.6 62
Max 2.52 22.96 83 0.31 16 7.6 118
Min 0.16 8.83 8 0.11 2 6.8 58
Median 1.15 15.89 43 0.16 2 7.3 64
Mean 1.17 16.24 45.80 0.19 5.80 7.20 76.80
Standard Dev 0.86 6.25 35.14 0.08 6.10 0.34 24.80
EMC data base for Fynbos (Class 4) in the Year 2008
Parameters
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Date Sample ID
nitrate chloride TSS TP TN DO COD
31/07/06 KR06073102 0.78
14/08/06 KR06081402 0.06 36 48 0.686 2.1 5.9 70
19/05/07 KR07051911 0.04 6.2 158 0.37 7.9 22
07/06/07 KR07060704 0.24 8.83 52 0.28 400 8.2 35
25/06/07 KR07062504 0 8.83 51 0.11 120 7.6 4
28/08/07 KR07082801 0.14 31.28 101 1.34 547 8.1 49
29/08/07 KR07082901 0 34.75 41 0.93 310 8.2 38
31/08/07 KR07083101 0.54 26.93 41 1.88 360 6.1 139
KR07083102 0 33.88 30 0.46 395 8 24
03/09/07 KR07090301 0.1 19.98 0.17 362 0 39
KR07090302 0.04 16.51 0.23 382 0 47
KR07090303 0 18.24 0.14 317 0 34
KR07090304 0 19.11 0.15 350 0 37
KR07090305 0.01 20.85 0.13 375 0 31
KR07090306 0.02 19.98 0.2 620 0 23
KR07090307 0.03 15.64 0.23 561 0 44
KR07090308 0 21.72 0.2 494 0 9
KR07090309 0 20.85 60 0.14 360 8.1 22
13/09/07 KR07091301 0 19.11 8 0.75 445 7.4 35
23/10/07 KR07102305 1.05 40.83 50 5.6 900 5.2 560
KR07102306 4.96 13.9 49 2.03 598 8.9 75
21/11/07 KR07112117 0.42 156.4 203 53.47 573 1 2975
11/06/80 KR080618A 2.6 41.5 40 6.71 67 7.2 82
KR08061101A 3.11 42.4 20 2.82 10 6.4 83
KR08061102A 6.13 61.8 110 6.22 21 7.2 137
KR08061103A 6.45 43.26 90 6.3 28 7.3 133
KR08061101B 1.56 99.77 57 1.02 13 6.5 84
KR08061102B 0.16 67.99 100 1.72 16 6.4 95
KR08061103B 0.52 63.57 29 1.29 10 6.7 70
Max 6.45 156.4 203 53.47 900 8.9 2975
Min 0 6.2 8 0.11 2.1 0 4
Median 0.08 24.325 50.5 0.75 360 6.45 45.5
Mean 1.01 36.08 66.90 3.32 319.86 4.94 178.43
Standard Dev 1.89 31.61 47.90 9.86 240.73 3.48 557.48
EMC data base for Grassland (Class 5) in the Year 2006 TO 2008
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
13/07/06 KR06071301
19/05/07 KR07051913 7.06 13.2 85 0.18 6.9 51
KR07051914 1.26 7.9 74 0.14 4.8 82
KR07051915 0.01 5.3 38 0.18 5.8 100
KR07051916 0.29 8.8 51 0.15 7.7 58
KR07051917 1.03 9.7 35 0.17 7.6 28
06/06/07 KR07060601 0.69 75.1 100 0.85 358.23 3 370
KR07060602 0.28 9.71 36 0.17 237.61 6.8 65
KR07060607 0.08 5.3 111 0.04 165.53 6.6 88
07/06/07 KR07060701 0.16 16.78 105 0.27 509 5.4 121
Max 7.06 75.1 111 0.85 509 7.7 370
Min 0.01 5.3 35 0.04 165.53 3 28
Median 0.29 9.7 74 0.17 297.92 6.6 82
Mean 1.21 16.87 70.56 0.24 317.59 6.07 107.00
Standard Dev 2.24 22.14 31.25 0.24 150.34 1.50 102.43
EMC data base for Impervious surfaces (Class 6) in the Year 2006 TO 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
06/09/07 KR07090601 0 16.51 245 0.38 311 6.4 115
KR07090602 0 13.9 111 0.11 273 8.1 53
KR07090603 0.09 13.03 55 0.09 280 8.3 61
KR07090604 0.06 12.16 39 0.05 438 8.2 35
KR07090605 0.96 91.22 25 0.01 321 7.9 47
KR07090606 0.78 95.56 20 0.04 362 8.4 48
KR07090607 0.88 98.17 20 0.04 283 8.3 26
KR07090608 0.92 92.09 18 0 588 8.2 33
KR07090609 0.92 90.35 20 0.02 449 8.4 39
Max 0.96 98.17 245 0.38 588 8.4 115
Min 0 12.16 18 0 273 6.4 26
Median 0.78 90.35 25 0.04 321 8.2 47
Mean 0.51 58.11 61.44 0.08 367.22 8.02 50.78
Standard Dev 0.45 42.02 75.05 0.12 105.68 0.63 26.39
EMC data base for Open Vineyard/Coarse Rock Pebbles (Class 10) in the Year 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
26/07/07 KR07072601 0.03 261.6 9 0.12 565 7.3 120
29/05/08 KR08052909 1.35 52.98 460 7.43 26 7.2 136
Max 1.35 261.6 460 7.43 565 7.3 136
Min 0.03 52.98 9 0.12 26 7.2 120
Median 0.69 157.29 234.5 3.775 295.5 7.25 128
Mean 0.69 157.29 234.50 3.78 295.50 7.25 128.00
Standard Dev 0.93 147.52 318.91 5.17 381.13 0.07 11.31
EMC data base for Improved Grassland/Vegetable crops (Class 12) in the Year 2007 to 20
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
14/07/06 KR06071405 1.13 0
19/07/07 KR07071912 0.03 7.1 590 1.95 4.6 370
07/06/07 KR07060705 2.03 8.2 89 0.63 257 6.2 113
25/06/07 KR07062505 1.24 37.08 95 0.98 171 4.8 445
28/08/07 KR07082802 0 35.62 5 1.69 343 7 74
03/09/07 KR07090302 0 84.27 74 3.02 802 3.6 710
06/09/07 KR07090601 0 17.38 19 0.64 317 6.3 22
13/09/07 KR07091302 0 43.44 40 4.34 387 6 335
21/11/07 KR07112118 0.49 26.93 37 5.1 402 7 108
21/05/08 KR08052105 6.13 116.3 130 1.78 14 7.9 137
29/05/08 KR08052901 4.79 30.02 30 1.38 19 6.8 79
18/06/08 KR080618B 5.71 92.7 30 2.36 16 6.9 94
20/06/08 KR08062004 1.02 79.47 16 1.59 12 7.2 76
Max 6.13 116.3 590 5.1 802 7.9 710
Min 0 7.1 5 0.63 0 3.6 22
Median 0.755 36.35 38.5 1.69 214 6.55 110.5
Mean 1.79 48.21 96.25 2.12 249.09 6.19 213.58
Standard Dev 2.37 35.96 160.02 1.37 241.84 1.26 207.55
EMC data base for Dense/Grassy Vineyard (Class 14) in the Year 2006 to 2008
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
26/07/07 KR07072601 0.03 261.6 9 0.12 565 7.3 120
Max 0.03 261.6 9 0.12 565 7.3 120
Min 0.03 261.6 9 0.12 565 7.3 120
Median 0.03 261.6 9 0.12 565 7.3 120
Mean 0.03 261.60 9.00 0.12 565.00 7.30 120.00
Standard Dev #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0!
EMC data base for Recreation Grass/Golf Course (Class 16) in the Year 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
19/05/07 KR07051907 0.07 4.4 159 0.16 6.9 56
21/11/07 KR07112111 0.09 19.98 314 0.14 458 6.2 595
Max 0.09 19.98 314 0.16 458 6.9 595
Min 0.09 19.98 314 0.16 458 6.9 595
Median 0.08 12.19 236.5 0.15 458 6.55 325.5
Mean 0.08 12.19 236.50 0.15 458.00 6.55 325.50
Standard Dev 0.01 11.02 109.60 0.01 #DIV/0! 0.49 381.13
EMC data base for Freeways/ExpressWays (Class 17) in the Year 2007
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
21/07/06 KR06072101 0.7
KR06072102 2.4
KR06072103 1.02 18.7
KR06072104 1.11 25.8
31/07/06 KR06073101 33.9
14/08/06 KR06081401 0.2 7.06 122 0.13 0.75 8.3 35
19/05/07 KR07051904 0.07 8.8 76 0.15 6 121
KR07051905 0.09 13.2 58 0.2 4.8 124
KR07051906 0.04 7.9 574 0.64 2.9 530
21/11/07 KR07112102 0.1 64.29 227 0.42 307 3.8 790
KR07112106 0.11 128.58 1492 1.44 463 1.1 2415
KR07112119 0.24 14.77 211 0.03 477 8.2 132
Max 0.24 128.58 1492 1.44 477 8.3 2415
Min 0.04 7.06 58 0.03 0.7 1.1 35
Median 0.1 13.2 211 0.42 25.8 4.8 132
Mean 0.12 34.94 394.29 0.57 147.69 5.01 592.43
Standard Dev 0.07 46.01 514.36 0.51 206.76 2.68 849.42
EMC data base for Arterial Roads/Main Roads (Class 18) in the Year 2006 to 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
21/07/06 KR06072106 33.3
19/05/07 KR07051903 0.06 13.2 58 0.2 4.8 124
06/06/07 KR07060605 0.07 4.41 39 0.1 124.4 5.6 78
KR07060606 0.36 3.53 71 0.07 467 5.3 44
26/07/07 KR07072603 0 12.95 67 0.08 450 8 29
21/11/07 KR07112105 0.15 112.9 140 2.44 572 1 2330
Max 0.36 112.9 140 2.44 572 8 2330
Min 0 3.53 39 0.07 33.3 1 29
Median 0.07 12.95 67 0.1 450 5.3 78
Mean 0.13 29.40 75.00 0.58 329.34 4.94 521.00
Standard Dev 0.14 46.90 38.37 1.04 235.60 2.52 1011.92
EMC data base for Minor Roads (Class 19) in the Year 2006 to 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
21/11/07 KR07112109 0.07 68.63 101 3.66 512 3.6 1085
KR07112121 0.3 13.9 90 0 175 7.8 81
KR07112122 0.33 17.77 108 0.15 574 6 660
Max 0.33 68.63 108 3.66 574 7.8 1085
Min 0.07 13.9 90 0 175 3.6 81
Median 0.3 17.77 101 0.15 512 6 660
Mean 0.23 33.43 99.67 1.27 420.33 5.80 608.67
Standard Dev 0.14 30.54 9.07 2.07 214.71 2.11 503.96
EMC data base for HDR Formal Suburb (Class 22) in the Year 2007
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
14/08/06 KR06081407 0.06 8.37 9 0.102 0.38 5.6 34
KR06081408 0.06 11.8 71 0.298 0.54 6 36
19/05/07 KR07051901 0.11 11.5 8 0.42 7.1 23
KR07051902 0.25 12.4 3 0.35 7 17
26/07/07 KR07072602 0 12.95 67 0.08 450 8 29
21/11/07 KR07112104 0.32 63.42 51 0.55 524 6 84
KR07112108 0.09 34.75 94 0.32 374 6.4 600
KR07112115 0.44 13.03 22 0.22 377 6.4 41
Max 0.44 63.42 94 0.55 524 8 600
Min 0 8.37 3 0.08 0.38 5.6 17
Median 0.1 12.675 36.5 0.309 375.5 6.4 35
Mean 0.17 21.03 40.63 0.29 287.65 6.56 108.00
Standard Dev 0.15 18.99 34.64 0.16 229.18 0.77 199.83
EMC data base for MDR Formal Suburb (Class 23) in the Year 2006 to 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
06/06/07 KR07060604 0.28 7.95 21 0.13 213.69 5.4 57
25/06/07 KR07072502 0.3 15.89 31 1.11 205.3 4.9 68
KR07072503 0.28 7.95 21 0.13 213.69 5.4 57
21/11/07 KR07112124 0.13 13.9 72 0.2 479 8.2 57
KR07112125 0.12 15.64 64 0 360 8 33
Max 0.3 15.89 72 1.11 479 8.2 68
Min 0.12 7.95 21 0 205.3 4.9 33
Median 0.28 13.9 31 0.13 213.69 5.4 57
Mean 0.22 12.27 41.80 0.31 294.34 6.38 54.40
Standard Dev 0.09 4.01 24.43 0.45 121.81 1.58 12.88
EMC data base for HDR Formal Township (Class 25) in the Year 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
20/06/08 KR08062003 0.64 211.7 70 12.09 47 5 1245
KR08062001 2.69 176.6 4 0.1 9 7.5 81
KR08062002 3.57 137 320 1.51 31 7.6 63
KR08062003 0.49 12.36 890 0.43 11 6.2 13
Max 3.57 211.7 890 12.09 47 7.6 1245
Min 0.49 12.36 4 0.1 9 5 13
Median 0.64 211.7 70 12.09 47 5 1245
Mean 1.85 134.42 321.00 3.53 24.50 6.58 350.50
Standard Dev 1.37 83.98 373.11 5.78 17.38 1.19 600.02
EMC data base for HDR Informal Township (Class 28) in the Year 2008
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
31/07/06 KR06073104 0.58
14/08/06 KR06081405 0.1 5.42 264 0.112 0.4 6.6 22
KR06081406 0.11 14.3 280 0.274 0.43 6.3 36
19/05/07 KR07051915 70.6 13.2 85 0.18 6.9 51
KR07051916 1.26 7.9 74 0.14 4.8 82
KR07051917 0.01 5.3 38 0.18 5.8 100
06/06/07 KR07060601 0.06 10.6 33 0.14 6.1 45
KR07060602 0.07 8.8 76 0.15 6 121
21/11/07 KR07112101 0.27 76.45 125 0.37 382 2.3 660
KR07112103 0.11 35.62 72 0.64 457 5.2 590
KR07112107 0.09 99.91 132 0.7 452 3.5 695
KR07112114 0.5 11.29 55 0.22 257 5.9 114
Max 70.6 99.91 280 0.7 457 6.9 695
Min 0.01 5.3 33 0.112 0.4 2.3 22
Median 0.11 11.29 76 0.2 319.5 5.9 100
Mean 6.65 26.25 112.18 0.31 258.14 5.40 228.73
Standard Dev 21.21 32.14 84.81 0.21 212.28 1.39 272.40
EMC data base for Commercial Mercantile (Class 32) in the Year 2006 to 2007
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
13/07/06 KR06071301
KR06071302
KR06071303
KR06071304
06/06/07 KR07060607 0.08 5.3 111 0.04 165.53 6.6 88
07/06/07 KR07060701 0.16 16.78 105 0.27 509 5.4 121
Max 0.16 16.78 111 0.27 509 6.6 121
Min 0.08 5.3 105 0.04 165.53 5.4 88
Median 0.12 11.04 108 0.155 337.265 6 104.5
Mean 0.12 11.04 108 0.155 337.265 6 104.5
Standard Dev 0.06 8.12 4.24 0.16 242.87 0.85 23.33
EMC data base for Commercial Institutional (Class 33) in the Year 2006 to 2007
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
31/07/06 KR06073103 0.5
14/08/06 KR06081403 0.91 7.12 170 0.282 1.77 6.6 44
KR06081404 0.26 16.2 544 0.491 1 6.6 33
19/05/07 KR07051903 0.08 6.2 45 0.09 8 13
KR07051908 0.01 5.3 38 0.18 5.8 100
KR07051909 0.29 8.8 51 0.15 7.7 58
KR07051910 1.03 9.7 35 0.17 7.6 28
06/06/07 KR07060608 0.21 4.41 56 0.13 388.29 5.2 41
KR07060609 3.16 16.78 393 1.25 215.11 6 355
07/06/07 KR07060703 0.03 38.6 130 0.46 329 4.8 114
07/06/07 KR07062501 0.28 57.4 34 7.08 178 3.6 560
11/10/07 KR07101101
23/10/07 KR07102308 3.19 70.37 296 2.65 679 8 132
31/10/07 KR07103105 1 107.7 12 0.17 9 9.5 77
21/11/07 KR07112110 0.05 81.66 326 4.58 631 4 1450
KR07112120 0.33 39.09 161 0.05 366 7.6 77
KR07112123 0.25 17.38 561 0.11 476 7.6 605
21/05/08 KR08052102 0.32 131.3 230 17.84 148 8.2 5605
Max 3.19 131.3 561 17.84 679 9.5 5605
Min 0.01 4.41 12 0.05 1 3.6 13
Median 0.285 17.08 145.5 0.282 272.055 7.1 88.5
Mean 0.71 38.63 192.63 2.13 285.18 6.68 580.75
Standard Dev 1.02 40.05 182.88 4.49 234.08 1.65 1390.18
EMC data base for Industrial (Class 34) in the Year 2006 to 2008
Parameters
 
 
Date Sample/Event
nitrate chloride TSS TP TN DO COD
29/05/08 KR08052902 0.69 16.78 506 0.14 3 7.4 104
Max 0.69 16.78 506 0.14 3 7.4 104
Min 0.69 16.78 506 0.14 3 7.4 104
Median 0.69 16.78 506 0.14 3 7.4 104
Mean 0.69 16.78 506 0.14 3 7.4 104
Standard Dev #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! #DIV/0! ######
EMC data base for Cemetaries (Class 35) in the Year 2006
Parameters
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Date Sample/Event
nitrate chloride TSS TP TN DO COD
13/08/07 KR07081301 0.62 72.98 71 0.26 483 7.9 34
14/08/08 KR07081401 2.59 172.9 10 0.14 461 8.4 44
02/10/07 KR07100201 1.96 208.5 6 0.09 412 8 33
KR07100202 1.66 189.4 8 0.07 270 7.2 43
KR07100203 4.91 179 25 1.02 467 7.9 57
KR07100204 5.06 185.9 15 1 246 8.5 56
KR07100205 3.25 243.3 12 0.09 1542 8.6 58
KR07100206 4.84 134.7 8 2.55 1335 8.3 24
KR07100207 2.54 145.1 44 0.16 866 7.8 32
KR07100208 0.56 149.4 66 3.29 278 6.8 56
KR07100209 0.29 147.7 58 3.25 441 7 44
03/10/07 KR07100301 0 82.5 8 10.32 325 7.5 435
KR07100302 0 40 18 4 576 5.5 375
KR07100303 3.97 132.1 36 0.82 701 8.8 58
KR07100304 4.86 167.8 13 1.14 519 8.4 71
KR07100305 2.27 59.1 15 0.12 454 8 8
KR07100306 0.16 27.8 12 0.18 496 7.2 58
KR07100307 1.43 130.3 36 0.23 412 8 54
KR07100308 0.75 107.7 174 2.62 349 7 59
KR07100309 0.32 106.9 151 3.05 704 6.8 57
KR07100310 5.94 117.3 11 0.36 726 7.8 58
KR07100311 3.37 139.9 20 0.17 487 8.1 56
KR07100312 4.32 134.7 13 2.53 526 8.7 57
10/10/07 KR07101001 0.48 152.9 7 0.07 597 7.6 47
KR07101002 0.51 177.2 16 1.13 498 8 60
KR07101003 0.54 174.6 18 0.13 627 8.2 54
KR07101004 0.51 169.4 10 1.43 738 7.8 62
KR07101005 0.63 165.1 20 0.21 794 6.9 26
KR07101006 4.62 149.4 70 2.82 731 8.5 54
KR07101007 5.84 157.2 55 3.01 572 7.2 55
KR07101008 1.72 229.4 14 0.04 955 7.1 49
KR07101009 0.64 139 16 1.9 709 7.5 33
16/10/07 KR07101601 1.25 198.1 3 0.16 451 7.8 13
KR07101602 5.1 187.7 10 1.38 307 6.9 64
KR07101603 1.69 176.4 9 0.18 324 7.2 63
KR07101604 4.47 183.3 16 1.09 320 7.3 63
KR07101606 1.44 172.9 22 0.26 274 8 54
KR07101607 1.72 152 58 2.78 305 7.9 64
KR07101608 1.78 158.1 48 2.3 516 7.4 74
KR07101609 2 244.1 16 0.09 634 8 68
KR07101610 1.38 133.8 6 3.51 735 7.6 49
23/10/07 KR07102301 0.68 112.9 35 0.41 1014 9.2 75
KR07102302 4.01 192 45 1.54 1166 8.9 86
KR07102303 1.3 81.66 40 0.1 700 9 67
KR07102304 3.33 172.89 48 1.22 620 9 87
KR07102308 3.19 70.37 296 2.65 679 8 132
KR07102309 1.12 39.09 14 0.12 642 9.2 68
KR07102310 0.4 59.95 251 2.19 795 8.9 137
KR07102311 0.89 145.1 9 0.04 399 9.4 72
KR07102312 0.59 125.1 12 3.52 382 4 88
31/10/07 KR07103101 0 178.9 4 0 9.6 31
KR07103102 11.47 173.8 19 0.02 8.8 30
KR07103103 4.25 180.7 19 0.83 9.4 17
KR07103104 4.46 183.3 8 0.66 9.9 50
KR07103106 2.26 147.7 17 0.09 9.4 43
KR07103107 3.39 146.8 27 3.46 8.6 51
KR07103108 2.32 148.6 43 3.33 9.5 42
EMC data base for Rivers (Class 36) for the Years 2006-2008
Parameters
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River Samples continue…
Date Sample/Event
nitrate chloride TSS TP TN DO COD
KR07103109 2.06 271.9 13 0 9.8 44
KR07103110 2.82 123.4 18 3.26 8.9 34
06/11/07 KR07110606 2.54 142.5 4 0.02 6.9 31
KR07110607 2.62 123.4 3 4.57 7.4 4
KR07110608 2.33 124.2 44 4.56 8.3 83
KR07110609 3.56 245.9 17 0 7.6 44
KR07110610 4.85 126 18 2.78 8.4 52
BR07110801 6.82 147.7 5 1.69 7.2 44
08/11/07 BR07110803 7.18 109.5 14 2.02 7.5 40
BR07110804 9.95 157.2 6 2.43 7.8 46
BR07110805 8.78 199.8 6 1.16 8.2 35
BR07110806 10.86 104.3 8 4.18 8.4 38
BR07110807 12.75 182.4 13 1.77 7.9 52
KR07110801 8.46 96.4 7 0.25 8.3 38
KR07110802 6.33 160.7 18 1.53 7.6 41
KR07110803 2.56 126 7 0.07 8.4 30
KR07110804 6.05 151.2 31 1.28 8.4 44
20/11/07 BR07112001 3.73 174.6 7 1.37 9 48
BR07112002 3.4 185.9 7 2.05 8.7 56
BR07112003 10.24 170.3 7 3.51 10.4 59
BR07112004 13.6 215.5 7 2 9.2 73
BR07112005 9.87 115.5 8 5.64 8.8 56
BR07112006 9.77 182.4 6 1 8.9 64
20/11/07 KR07112001 1.36 169.4 2 0.24 8.8 50
KR07112002 3.09 184.2 3 1.01 9 65
KR07112003 1.58 189.4 26 0.27 10 60
KR07112004 2.14 185 20 0.55 9.6 53
KR07112005 1.37 165.1 32 0.26 8.9 44
KR07112006 0.33 137.3 32 4.71 9.5 92
KR07112007 0.43 142.5 65 4.84 10.5 89
KR07112008 1.28 218.9 84 0.15 10.4 81
KR07112009 0.61 18.24 4 4.27 9.9 44
21/11/07 KRO7112112 2.33 147.7 33 0.51 414 7 66
KRO7112113 0.95 164.2 119 0.18 494 6 95
KRO7112116 2.04 129.4 87 0.48 381 6
22/11/07 KR07112203 0.74 298.9 11 0.17 567 7.2 36
28/11/07 BR07112801 4.88 156.4 14 1.59 458 8.4 56
BR07112802 5.51 158.1 28 2.33 382 8 68
BR07112803 9.76 141.6 12 3.55 629 8.8 69
BR07112804 20.2 209.4 126 1.95 639 7.8 129
BR07112805 9.56 129.5 5 3.87 456 8.4 71
BR07112806 10.45 184.2 7 0.6 522 7.8 80
KR07112801 2.01 98.2 7 0 371 9 40
KR07112802 4.44 159.9 12 1.2 552 8.8 60
KR07112803 0.84 156.4 16 0 437 9.2 102
KR07112804 8.95 161.6 7 0.96 384 8.4 61
KR07112805 2.06 112.1 5 0 181 8.2 54
KR07112806 2.82 133.8 61 3.94 524 7.9 68
KR07112807 3.28 131.2 49 3.9 500 8.2 61
KR07112808 36.4 258.9 31 0.01 506 9 60
KR07112809 6.06 112.9 12 3.15 602 9.2 63
KR07112810 9.32 25.2 11 3.83 556 9.6 112
Parameters
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River Samples continue…
Date Sample/Event
04/12/07 BR07120401 3.6 17.4 16 1.4 471 8.8 22
BR07120402 2.91 174.6 31 1.95 447 9 40
BR07120403 11.82 185.9 6 3.11 382 8.6 59
BR07120404 1.66 179 6 2.61 587 8.5 60
BR07120405 0.01 189.4 13 4.37 638 8.8 51
BR07120406 0.7 140.7 5 0.92 481 9 53
12/12/07 BR07121201 3.86 181.07 6 0.81 2 6.9 87
BR07121202 1.12 255.94 5 1.58 3 5.5 79
BR07121203 6.43 152.35 7 5.38 2 4.4 77
BR07121204 8.08 211.54 11 1.89 4 6 86
BR07121205 6.23 135.8 8 5.73 16 7 63
BR07121206 11.52 167.14 5 0.97 10 5.8 76
KR07121202 2.27 213.28 4 0.53 23 7 59
22/01/08 BR08012201 3.67 135.4 5 1.4 3 9 42
BR08012202 1.76 168 34 2.63 0 8.7 64
BR08012203 7.34 120 7 5.06 10 8.5 67
BR08012204 12.56 184.7 5 1.91 2 8.6 72
BR08012205 4.82 90.6 6 5.85 3 8.6 53
BR08012206 12.75 158.3 8 1.23 5 8.8 74
KR08012202 6.54 165.3 7 0.89 2 8.5 48
23/01/08 ER08012301 0.08 20.23 15 0.1 2 8.6 26
ER08012302 0.04 33.41 16 0.15 2 8.7 23
ER08012303 2.47 123.1 26 1.28 6 8.6 49
19/02/08 BR08021901 4.77 167.1 10 0.74 16 8.4 54
BR08021902 2.77 170.6 15 1.42 10 7.6 62
KR08021902 4.42 163.6 10 0.36 8 7.4 53
BR08021903 11 143.3 7 3.12 25 7.8 70
BR08021904 13.6 189.1 9 2.54 25 8.4 80
BR08021905 12.18 126.6 7 3.49 19 7.9 61
BR08021906 53.6 152.1 10 2.14 46 7.8 85
14/03/08 BR08031401 3.54 148.9 5 0.96 17 7.6 81
BR08031402 3.86 156 4 1.47 17 7.4 70
BR08031403 18.4 137.5 7 3.81 55 7.8 69
BR08031404 28.4 175.4 10 2.72 87 6.9 86
BR08031405 8.11 103.1 3 4.59 52 7.4 53
BR08031406 0 118.1 9 1.84 250 7.7 64
KR08031402 3.46 156.9 8 0.65 170 6.3 62
11/04/08 BR08041101 9.77 155.1 31 1.45 135 6.8 42
BR08041102 11.52 167.4 30 1.94 81 7.2 65
BR08041103 32 133.1 4 3.71 88 6.9 60
BR08041104 22 193 10 3.16 111 7.4 83
BR08041105 7.58 91.64 14 4.82 71 6.4 42
BR08041106 44 149.8 10 2.6 105 6.3 76
BR08041107 6.44 146.3 10 1 77 7.2 52
Max 53.6 298.9 296 10.32 1542 10.5 435
Min 0 17.4 2 0 0 4 4
Median 3.37 152.9 12 1.4 412 8.2 58
Mean 5.59 150.45 24.84 1.80 383.17 8.06 62.76
Standard Dev 7.60 48.64 39.11 1.69 309.28 1.08 45.05
Parameters 
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Appendix 5. Percentage contribution of each land use to the concentration of pollutants. 
NAME CODE COUNT AREA m2 % TSS'06 % TSS'07 % TP'07 % TP'06 Nitrate'07 Nitrate'06 Runoff '07 Runoff'06 % Cl '06 % Cl'07 % TN'06 % TN'07
Mountain Forest 1 4564 456400 0.18 0.28 0.12 0.12 0.26 0.26 0.16 0.16 0.16 0.16 0.11 0.11
Riparine Forest/Natural Forest 2 32045 3204500 0.92 0.97 0.44 0.44 0.84 0.84 6.02 6.02 0.76 0.76 0.59 0.59
Dense Scrub 3 71640 7164000 2.25 2.49 1.25 1.25 2.28 2.28 17.14 17.14 2.92 2.92 1.72 1.72
Fynbos 4 122812 12281200 4.13 4.43 2.67 2.67 6.66 6.66 8.30 8.30 5.86 5.86 3.39 3.39
Grassland 5 26411 2641100 0.79 0.82 0.66 0.66 0.66 0.66 5.94 5.94 0.83 0.83 0.78 0.78
Impervious Surface 6 14926 1492600 0.98 0.97 0.38 0.38 1.06 1.06 1.80 1.80 0.51 0.51 1.02 1.02
Railway Line 7 2737 273700 0.22 0.22 0.18 0.18 0.15 0.15 0.07 0.07 0.15 0.15 0.18 0.18
Bare ground/Impervious Surface 8 16270 1627000 1.29 1.23 0.56 0.56 1.16 1.16 4.71 4.71 0.71 0.71 1.20 1.20
Bare Rock 9 4 400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Open Vineyard/Hard Rock 10 84510 8451000 4.17 4.22 2.46 2.46 4.63 4.63 2.35 2.35 7.19 7.19 6.44 6.44
Open Area/Barren Land 11 53778 5377800 2.31 3.27 1.55 1.55 3.38 3.38 7.19 7.19 7.88 7.88 2.55 2.55
Improved Grassland/Veg Crop 12 74855 7485500 2.90 2.93 3.49 3.49 2.44 2.44 9.63 9.63 3.66 3.66 2.37 2.37
Buildings/Impervious 13 23284 2328400 1.24 1.23 0.55 0.55 1.74 1.74 1.81 1.81 0.75 0.75 1.56 1.56
Dense/Grassy Vineyard 14 324516 32451600 12.58 12.71 18.44 18.44 19.64 19.64 21.86 21.86 15.67 15.67 11.58 11.58
Fallow/Open Vineyards 15 307574 30757400 20.66 20.41 34.83 34.83 36.03 36.03 2.96 2.96 23.06 23.06 18.64 18.64
Recreation Grass/Golf Course 16 20989 2098900 0.48 0.47 0.29 0.29 0.27 0.27 0.13 0.13 0.57 0.57 0.59 0.59
Freeways/Express Ways 17 2598 259800 0.34 0.33 0.04 0.04 0.06 0.06 0.12 0.12 0.07 0.07 0.24 0.24
Arterial Roads/Main Roads 18 10789 1078900 2.33 2.21 0.41 0.41 0.28 0.28 0.47 0.47 0.56 0.56 0.49 0.49
Minor Roads 19 96821 9682100 5.10 5.05 3.57 3.57 1.69 1.69 1.52 1.52 4.21 4.21 6.45 6.45
Sandy 20 44483 4448300 1.27 1.23 1.12 1.12 1.11 1.11 0.60 0.60 1.06 1.06 1.64 1.64
Waterbodies 21 14035 1403500 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
HDR Formal Suburb 22 65691 6569100 4.85 4.77 4.71 4.71 1.35 1.35 1.01 1.01 3.66 3.66 6.12 6.12
MDR Formal Suburb 23 300817 30081700 9.19 8.95 5.83 5.83 2.69 2.69 2.06 2.06 7.43 7.43 11.11 11.11
LDR Formal Suburb 24 10353 1035300 0.27 0.26 0.18 0.18 0.18 0.18 0.08 0.08 0.23 0.23 0.34 0.34
HDR Formal Township 25 156317 15631700 7.60 6.88 4.29 4.29 3.42 3.42 3.14 3.14 4.72 4.72 11.47 11.47
MDR Formal Township 26 29127 2912700 1.12 1.06 0.71 0.71 0.59 0.59 0.10 0.10 0.79 0.79 2.04 2.04
LDR Formal Township 27 236 23600 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.02
HDR Informal Township 28 9859 985900 0.30 0.29 0.28 0.28 0.11 0.11 0.04 0.04 0.26 0.26 0.43 0.43
MDR Informal Township 29 3311 331100 0.53 0.58 0.55 0.55 0.34 0.34 0.01 0.01 0.55 0.55 0.12 0.12
MDR Informal Squatter Camps 30 11243 1124300 0.44 0.41 0.26 0.26 0.21 0.21 0.08 0.08 0.39 0.39 0.84 0.84
LDR Informal Squatter Camps 31 1593 159300 0.02 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.02 0.02 0.03 0.03
Commercial-Mercantile 32 5740 574000 0.46 0.45 0.13 0.13 2.47 2.47 0.03 0.03 0.25 0.25 0.35 0.35
Commercial-Institutional 33 24 2400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Industrial 34 79343 7934300 11.03 10.83 10.01 10.01 4.28 4.28 0.68 0.68 5.11 5.11 5.56 5.56
Cemeteries 35 2091 209100 0.03 0.03 0.03 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.02
River 36 6104 610400 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Appendix 6. Example of Zonal Statistics Table for Total Suspended Solids in 2006. 
VALUE COUNT AREA MIN MAX RANGE MEAN STD SUM % Contr Wt Area
1 4564 456400 0.00 394.29 394.29 41.12 53.55 187664 101819166.47 0.18 0.00
2 32045 3204500 0.00 394.29 394.29 29.27 52.32 937964 101819166.47 0.92 0.00
3 71640 7164000 0.00 394.29 394.29 31.96 52.63 2289900 101819166.47 2.25 0.00
4 122812 12281200 0.00 394.29 394.29 34.21 41.31 4201630 101819166.47 4.13 0.00
5 26411 2641100 0.00 394.29 394.29 30.60 54.29 808168 101819166.47 0.79 0.00
6 14926 1492600 0.00 359.38 359.38 67.00 45.94 1000100 101819166.47 0.98 0.00
7 2737 273700 0.00 394.29 394.29 81.38 70.16 222747 101819166.47 0.22 0.00
8 16270 1627000 35.07 393.89 358.81 80.68 74.10 1312650 101819166.47 1.29 0.00
9 4 400 0.00 35.28 35.28 26.46 15.28 106 101819166.47 0.00 0.09
10 84510 8451000 30.72 392.26 361.54 50.27 23.42 4248710 101819166.47 4.17 0.00
11 53778 5377800 0.00 394.29 394.29 43.79 57.20 2355010 101819166.47 2.31 0.00
12 74855 7485500 0.00 394.29 394.29 39.49 56.38 2956240 101819166.47 2.90 0.00
13 23284 2328400 0.00 365.67 365.67 54.14 29.98 1260560 101819166.47 1.24 0.00
14 324516 32451600 0.00 394.29 394.29 39.46 46.09 12804400 101819166.47 12.58 0.00
15 307574 30757400 35.07 394.25 359.18 68.40 21.36 21037700 101819166.47 20.66 0.00
16 20989 2098900 0.00 394.29 394.29 23.44 45.59 491960 101819166.47 0.48 0.00
17 2598 259800 65.57 229.21 163.63 132.17 32.31 343388 101819166.47 0.34 0.00
18 10789 1078900 45.74 383.24 337.50 219.82 70.31 2371690 101819166.47 2.33 0.00
19 96821 9682100 0.00 361.64 361.64 53.64 25.19 5193080 101819166.47 5.10 0.00
20 44483 4448300 0.00 394.29 394.29 29.09 45.60 1294180 101819166.47 1.27 0.00
21 14035 1403500 0.00 0.00 0.00 0.00 0.00 0 101819166.47 0.00 0.00
22 65691 6569100 0.00 391.42 391.42 75.22 27.12 4941010 101819166.47 4.85 0.00
23 300817 30081700 0.00 394.29 394.29 31.11 45.24 9358360 101819166.47 9.19 0.00
24 10353 1035300 0.00 394.29 394.29 26.16 39.86 270808 101819166.47 0.27 0.00
25 156317 15631700 8.57 391.31 382.74 49.53 41.40 7742920 101819166.47 7.60 0.00
26 29127 2912700 20.90 392.21 371.31 39.15 21.94 1140290 101819166.47 1.12 0.00
27 236 23600 0.00 75.00 75.00 58.93 26.79 13907 101819166.47 0.01 0.00
28 9859 985900 17.53 336.19 318.65 30.64 14.20 302105 101819166.47 0.30 0.00
29 3311 331100 38.05 316.54 278.49 162.04 74.54 536518 101819166.47 0.53 0.00
30 11243 1124300 20.51 283.53 263.02 40.01 17.06 449877 101819166.47 0.44 0.00
31 1593 159300 0.00 75.00 75.00 10.36 21.82 16497 101819166.47 0.02 0.00
32 5740 574000 56.09 291.29 235.20 82.20 24.49 471816 101819166.47 0.46 0.00
33 24 2400 54.00 75.36 21.36 69.23 7.94 1662 101819166.47 0.00 0.03
34 79343 7934300 0.00 386.55 386.55 141.52 42.14 11228700 101819166.47 11.03 0.00
35 2091 209100 0.00 192.63 192.63 12.84 41.85 26850 101819166.47 0.03 0.00
36 6104 610400 0.00 0.00 0.00 0.00 0.00 0 101819166.47 0.00 0.00
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GLOSSARY 
 
Aliquot- A discrete sample used for analysis. 
Biochemical Oxygen Demand (BOD)- The quantity of oxygen consumed during the 
biochemical oxidation of matter over a specified period of time, usually 5 days 
(BOD5). 
Chemical Oxygen Demand (COD)- Measurement of all the oxidizable matter found 
in a runoff sample, a portion of which could deplete dissolved oxygen in receiving 
waters. 
Composite Sample- Used to determine "average" loadings or concentrations of 
pollutants, such samples are collected at regular time intervals, and pooled into 
one large sample, can be developed on time or flow rate. 
Conveyance- A channel or passage which conducts or carries water including any 
pipe, ditch, channel, tunnel, conduit, well, or container. 
Discharge- Any addition of any pollutant to waters of the U.S. from any conveyance. 
Effluent- Any discharge flowing from a conveyance. 
Event- an episode of rainfall from the time it starts to rain until when it brakes either 
briefly or for longer period of time 
Flow-Weighted Composite Sample- Means a composite sample consisting of a 
mixture of aliquots collected at a constant time interval, where the volume of each 
aliquot is proportional to the flow rate of the discharge. 
Flow-Proportional Composite Sample- Combines discrete aliquots of a sample 
collected over time, based on the flow of the waste stream being sampled. There 
are two methods used to collect this type of sample. One collects a constant 
sample volume at time intervals which vary based on stream flow. The other 
collects aliquots at varying volumes based on stream flow, at constant time 
intervals. 
First Flush- Individual sample taken during the first 30 minutes of a storm event. The 
pollutants in this sample can often be used as a screen for non-storm water 
discharges since such pollutants are flushed out of the system during the initial 
portion of the discharge. 
 
 
 
 
 244
Grab Sample- A discrete sample which is taken from a waste stream on a one-time 
basis with no regard to flow or time; instantaneous sample that is analyzed 
separately. 
Non Point Sources- These are diffused non discernable sources of pollution that 
could not be traced to a point. 
Outfall- Point source where an effluent is discharged into receiving waters. 
Point Source- Any discernible, confined, and discrete sources of pollution that 
discharge from a single point, such as a pipe, ditch, channel, tunnel or conduit. 
This term does not include return flows from irrigated agriculture or agricultural 
storm water runoff. 
Pollution- the National Water Act (Act 36 of 1998) defines pollution as alteration of 
the physical, chemical or biological properties of a water resource so as to make it: 
a) less fit for any beneficial purpose for which it may reasonably be expected to be 
used; or b) harmful or potentially harmful to the welfare of: - health and safety of 
humans; any aquatic or non aquatic organism; resource quality or to property. 
Reverse Meniscus- The curved upper surface of a liquid in a container. 
Runoff Curve Number- Means the fraction of total rainfall that will appear at the 
surface as runoff. Significant Materials: Include, but are not limited to, raw 
materials, fuels, solvents, detergents, metallic products, CERCLA hazardous 
substances, fertilizers, pesticides, and wastes such as ashes, slag, and sludge that 
have potential for release with storm water discharges. 
Storm Water- Storm water runoff, snow melt runoff, and surface runoff, and 
drainage. 
Time Composite Sample- Prepared by collecting fixed volume aliquots at specified 
time intervals and combining into a single sample for analysis. 
 
 
 
 
 
